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5V Supply-TTL I/O Clock Driver Products 
Output Frequency 
with Respect to Input Frequency 
Number of | Number of | Number of 
Outputs Outputs Outputs 
Special Features Package 
SC3500 


5V Supply-LVTTL I/O Clock Driver Products 
Output Frequency 
with Respect to Input Frequency 
Total Number of Number of 
Outputs Outputs +1 | Outputs + 2 Special Features Package 
52 PQFP 


aaa 
ee 
0 | 


Selectable single or 
pw [oe [oe 


SC3306 
SC3308 
$C3318 


SC3327 


SC3367 


Selectable single or dual clock 28 SOIC 
input, 1 output early. 
Selectable single or 28 SOIC 
dual clock input. 


SC3368 
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3.3V Supply-LVTTL I/O Clock Driver Products 
utput Frequency 
with Respect to Input Frequency 
Total Number of Number of 
Outputs | Outputs+1 | Outputs +2 
S3LV306 10 
S3LV318 Pt 10 


s [| « | 0 


Number of 
Min. Delay Selectable 
Adjust Output 
Increment | Relationships 


Input 
P/N Description | Reference 
$4402 Multiphase Clk 
Generator 


Multiphase Clk 
‘Generator with 
PECL I/O 


7 x 4 Banks of 
3 Outputs 


1 


Generator with 


Delay Adj. & aE ie ue 


Clock 
Synthesizer — 


~ RAMBUS™ 
Compatible 

S4505S Clock 
Generator 


S4Lv4og | 3-3V Clock 
Generator 


Multiply 2-32 
Divide 2-16 


7 x 4 Banks of 
3 Outputs : 


100 
RAMBUS 
Compatible en 


N/A 
N/A 
N/A 


12 


*% 
: > 
T 
° ; |e 
= 
m =| 
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ATM and 100VG AnyLAN Interface Products 


Operating Power 
Speed Data Path Package Supply 
139/155 Mbivs | @:tbit | 80 TEP 


622 Mbit/s 8:1 bit 52 TEP 
622 Mbit/s 1:8 bit 52 TEP 


120 Mbit/s 4:1/1:4 bit 52 PQFP 


Fibre Channel Products 


Operating 7 Power 
Speed Data Path Package Supply 
S2036 Open Fiber 266/531/1 062 NA 28 SOIC +5V 
Control Mbit/s 
Fibre Channel 266/531/1062 auc | 44 PQFP 
Fibre Channel 266/531/1062 ; .. | 44 PQFP 
beers Receiver Mbit/s POO ptt 52 TQFP | 
GLM Compliant 
$2044 Fibre Channel | 700/931/1062 | 10.4 700-4 bit | 52 TQFP | +3.3V 
Mbit/s 
Transmitter . 
GLM Compliant 
$2045 Fibre Channel | 269/591/1062 | 4404-00 bit | s2TOFP | 43.3V ff 
Mbit/s 
Receiver 
Fibre Channel 266/531/1062 oe 
8B/10B 266/531/1062 | | 
S2060 Encoder/Decoder Mbit/s | 10 or 20 bit | 120 PQFP 


139/155 Mbit/s 1:8 bit 80 TEP 


See Network:‘nterface Products data book. 


See Network Interface Products data book. 
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HIPPI Products 


Operating Power 
Speed Data Path Package Supply 
225 PGA/ 
eee ; 225 PGA/ 
$2021 HIPPI Destination 800 Mbit/s 208 TEP -5.2/+5V 


See Network Interface Products data book. 


PCi Bus Products 


[Proauct [Function «| —=SS—Ceviption 
$5933 PCI Controller 32-Bit Add-on Bus 


See $5933 PCI Controller data book. 


Applied Micro Circuits Corporation 
Page 1-6 6195 Lusk Bivd., San Diego, CA 92121 © (619) 450-9333 


 MMOCG 


SONET/SDH Products 
Operating 


139/155/622 68 LDCC 
$3005 SONET/E-4 Tx ne ator 

139/155/622 68 LDCC 
$3006 SONET/E-4 Rx ae are 


$3015 E4/OC-3/STM-1 | 439/455 Mbit/s 1 bit 52 TEP 
Interface Tx 


$3016 E4/OC-3/STM-1 | 430/155 Mbit/s 1 bit 
Interface Rx 


SONET/SDH 
/ATM 
Transceiver 


See Network Interface Products data book. 


Crosspoint Switch Products 


Operating Power 
Speed Data Path Package Supply [| 
52016 Crosspoint 1.5 Gbit/s 16x16 120 TEP 45V 
Switch 
| ga024 eee 600/800 Mbit/s 32x32 196LDCC | -5.2/45V 
$2025 Crosspoint 1.5 Gbit/s 32x32 196LDCC | +5V 
Switch 


See Network Interface Products data book. 
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Equivalent 
Gates 
(Full Adder Method) 


Number 
of I/O 


Technology 


SC 
a 
[aai080 a 
[aaoreo a 
[eeoroio = 

a 

<a 


; 


See Network Interface Products data book. 
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| 7 CAPABILITY SUMMARY 


COMPANY OVERVIEW 


AMCC defines, develops, manufactures and markets 
application specific standard products (ASSPs) and 
application specific integrated circuits (ASICs) for 
high speed, high performance network interface ap- 
plications. Utilizing CMOS, BiCMOS and proprietary 
MicroPower Bipolar technology, AMCC provides pre- 
cision clocking devices and interface solutions for 
PCI, ATM, SONET, and Fibre Channel standards. 


Since 1979, AMCC has designed and produced five 
generations of semicustom bipolar ECL logic arrays 
and two generations of BICMOS logic arrays. AMCC 
ASIC expertise includes its mixed ECL/TTL interface, 
phase-locked loop (PLL), precision vernier, skew con- 
trol, high-speed VCO and controlled edge rate output. 


AMCC Product Development Strategy 


AMCC’s product development strategy utilizes the 
company’s expertise in the computer, communica- 
tions, ATE and military markets. Initially ASSPs are 
defined based on key industry standards. Then, as 
additional applications are identified, derivative prod- 
ucts based on the “cores” of the original devices are 
introduced. The “cores” are then also made available 
for high volume proprietary ASIC designs. 


AMCC Product Development Strategy 


Industrial 


Consumer 


Military/ATE 
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Network Interface Products 


High performance network interface encompasses a 
wide range of applications, all requiring data trans- 
mission rates from >100 Mbit per second to over 1 
Gbit per second, and beyond. These applications in- 
clude computer data transmission, fiber-optic tele- 
communications transmission systems, digital video 
broadcasting and many more. 


AMCC interface circuits, transmitter/receiver chip 
sets and switches are designed to implement emerg- 
ing network technologies such as the ANSI or ITU 
approved Asynchronous Transfer Mode (ATM), Syn- 
chronous Optical Network (SONET), Fibre Channel, 
and High Performance Parallel Interface (HIPPI) 
telecommunications standards. Jitter, speed, power 
and size are critical design issues of these technolo- 
gies. AMCC’s devices are based on its unique bipo- 
lar process which has superior noise isolation 
characteristics that significantly reduce jitter. The in- 
herent physical structure of the company’s process 
makes 1 to 3 GigaHertz (GHz) data rates possible at 
relatively low power. The low device power con- 
sumption of AMCC’s products helps to minimize the 
cost and size of packaging. 


Communications 
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Peripheral Component Interconnect 
(PCI) Bus Controllers 


Increased bandwidth available on high speed net- 
works creates a bottleneck at the desktop. One of 
the causes of this problem is the latency associated 
with connection to high speed peripheral equipment, 
including LANs and WANs. The 132 Megabyte per 
second backplane PCI bus breaks the bottleneck. 


AMCC has developed the industry’s first line of gen- 
eral purpose master/slave controllers for the PCI 
bus. These circuits provide a high performance 
single-chip interface for add-on boards and adapter 
cards. 


Precision Clock and Timing Products 


AMCC provides a growing line of precision clock and 
timing standard products for exacting system de- 
signs. AMCC has also tailored clock and timing de- 
vices to specific customer needs for high 
performance clock generation and distribution, clock 
synchronization and de-skewing, frequency synthe- 
sis, and pulse shaping applications. Offerings in- 
clude low EMI, low skew clock drivers and low jitter 
clock generators for high performance server and 
workstation applications. 


CAPABILITY SUMMARY a | | | 


Strategic Partnerships 


AMCC manufactures its own 1.0 micron BiCMOS 
and Bipolar wafers using proven processes. The 
Company follows a “semi-fabbed” manufacturing 
strategy and has reciprocal foundry relationships in 
place with major domestic and international semi- 
conductor partners that provide for significant addi- 
tional production capacity. Wafer purchases from 
strategic foundry partners both expand capacity and 
provide alternate sources. Additional high-volume 
assembly and test facilities are located offshore. 


AMCC’s “quick turn, semi-fabbed” manufacturing ap- 
proach blends together the strengths of both the 
“tabbed” and “fabless” semiconductor strategies. 
Fabbed advantages include the security of total in- 
house control and time to market. Fabless advan- 
tages include multiple sourcing and allows the 
company to focus investment on new high perfor- 
mance products. 


Applied Micro Circuits Corporation 
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QUALITY SYSTEM OVERVIEW 


AMCC COMMITMENT TO QUALITY 


Quality is the degree to which a product meets a 
_customer’s expectations with regard to delivery time, 
cost, and performance to the requirements of the 
application. 


Reliability is “...the probability of a product performing, 
without failure, a specified function under given condi- 
tions for a specified period of time.”1 


AMCC is committed to achieving the highest quality 
and reliability level in the integrated circuit products 
we provide. Every year for over a decade we have 
established industry-leading reliability and outgoing 
quality targets and then beat them. 


The quality and reliability philosophy at AMCC starts 
with the premise that for AMCC to continue to excel 
in the ever expanding market place, the quality ex- 
pectations of customers must be met or exceeded. 


Our team operating philosophy is to: 


1) design in manufacturability and reliability during 
the new product development phase (plan); 


2) build in quality at all manufacturing steps (do); 


3) execute thorough product inspections, internal 
audits and reliability confirmation (check); - 


4) incorporate feedback from internal and external 
sources into continuous quality improvement 
programs (act). 


Reliability and Manufacturability— 
Designed In From The Start 


Reliability and manufacturability is designed in up 
front through a team infrastructure which focuses on 
active participation by Design, Manufacturing and 
Reliability Engineering throughout all phases of the 
design process. This includes extensive design veri- 
fication through computer modeling and design 
validation by product characterization and applica- 
tion simulation. Final team design review and 
production readiness approval is required prior to re- 
lease of products to production. 


1 JURAN 
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Customer 


Design/Manufacturing 


QA gates and subsequent feedback ensures quality confirmation of 
AMCC’s final product in a continuous improvement program. 


Quality Built In During Wafer Fabrication 
and Manufacturing 


AMCC’s manufacturing and quality teams employ 
documented operating procedures, work instruc- 
tions, in-process inspections and SPC methodology 
to provide assurance of continued process control 
and compliance to specification. 


Inspection, Audit and Reliability Confirmation 


AMCC has strategically placed In-Process Quality 
Control (IPQC) gates, internal process/area audits 
and lot/time specific reliability monitors to verify per- 
formance against customer requirements and 
internal design/manufacturing process capabilities. 
Metrics generated by these activities are intended to 
provide continuous improvement feedback data for 
review and action as driven by senior management. 


e Die visual and precap gate 

¢ Final outgoing inspection gate 

¢ Modified MIL-STD-105D sampling program | 
¢ Lot specific group A and B testing 

¢ Ongoing reliability monitors 

¢ SPC/Data metric review of key subcontractors 


e Visual/mechanical and electrical outgoing 
indices and PPM goals 


¢ Cost-of-quality pareto analysis 
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QUALITY SYSTEM OVERVIEW 


Continuous Quality Improvement Program 


Corporate-wide commitment driven by the 
Executive Staff 


A program plan that is flexible enough to 
comprehend dynamic customer inputs 


Statistical tools in place for analysis and action 


planning 
Weekly and monthly review meetings to share 
performance data 


Self examination consistent with elements in 
ISO9001 and the Malcolm Baldridge National 
Quality Award 


AMCC 
Quality 
Philosophy 


MiL-!-45208 
1ISO9001 


AMCC 
Quality 
Manual 


AMCC 
QA Practices 
Manufac- 


turing | and Design - 


Superior 
Product 
Quality 
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AMCC QUALITY SYSTEM 


The Quality System had been modeled after the 
stringent military requirements of MIL-I-45208, MIL- 
Q-9858 and MIL-I-38535 Appendix A. Heading into 
the 21st century, AMCC is now modifying its Quality 
System to also align with ISO9001. This will 
strengthen the closed loop improvement cycle by 
tying internal audits with corrective/preventative ac- 
tion though continuous management review. 


AMCC’s Quality System has the following compo- 
nents integrated throughout the factory to meet or 
exceed the above requirements. 
¢ Quality Organization 
¢ Quality Planning 
¢ Management Review 
¢ Contract Review 
e Design Control 
¢ Document and Data Control 
Purchasing 
Supplier Selection and Control 
Control of Customer Supplied Materials 
Product Identification and Traceability 
Operating Procedures | 
Work Instructions 
Inspection and Test 


Inspection, Measurement and Test Equipment 
Calibration 


Inspection Status System 
Control of Nonconforming Material 
Corrective and Preventive Action 


ESD Safe Handling, Storage, Packaging, 
Preservation and Delivery Methods 


Records Retention and Maintenance 
Internal Process/Area Auditing System 
Training/Certification 

SPC and Statistical Techniques 
Failure Analysis 


ISO9001 REGISTRATION 


Based on the restructure of the Quality System to 
ISO9001 requirements and successful completion of 
internal and third-party audits, AMCC plans to be 
ISO registered by June of 1996. Please contact the 
factory for further details and schedule updates. 
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PRODUCT QUALIFICATIONS 


A qualification is a sequence of tests in which all 
parameters, including the reliability of the device are 
tested. It is this sequence of tests which initially 
qualifies the part to be released for production. 


Thorough reliability testing is performed on new prod- 
uct and package families in order to ensure the 
expectations of our customers are met. These tests 
include environmental, mechanical and life testing per- 
formed in accordance with Military Standards, industrial 
accepted methods and AMCC Test Procedures. Con- 
tact the factory for specific details regarding your 
selected product/package combination. 


AMCC provides MIL-STD-883 Methods 5005, 5008, 
and 5010 testing for our military customers on contract. 


MIL-STD-883 Method 5005 


“Qualification And Quality 
Conformance Procedures” 


Method 5005 establishes qualification and quality- 
conformance inspection procedures for semi- 
conductors to ensure that the quality of devices and 
lot conform with the requirements of the applicable 
procurement document. The full requirements of 
Group A, B, C, D, and E test and inspections are 
intended for use in initial device qualification—or 
requalification in the event of product or process 
change—and in periodic testing for retaining 
qualification. 


Group A consists of electrical tests performed on an 
inspection lot which has already passed the 100% 
screening requirements. After a lot has passed the 
100% screen tests, a random sample of parts is se- 
lected from the total population of devices to form 
the inspection lot. The inspection lot is then sub- 
jected to these Group A electrical tests. 


Group B inspection tests are used to monitor the 
fabrication and assembly processes performed on 
each inspection lot. 


Group C consists of a 1000-hour life test conducted 
to verify die integrity. 

Group D verifies the material integrity and the reli- 
ability of the package. 


Group E demonstrates the radiation hardness capa- 
bility of the device. Performed on a generic basis by 
device type or as required for an application. 
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MIL-STD-883 Method 5010 


“Test Procedures For Custom Monolithic 
Microcircuits” 


This method establishes screening and quality con- 
formance procedures for the testing of custom and 
semicustom monolithic semiconductors to verify Class 
B or Class S quality and reliability levels. Testing is 
performed in conjunction with other documentation 
such as MIL-I-38535 and an applicable detail specifica- 
tion. It establishes the design, material, performance, 
control, and documentation requirements needed to 
achieve prescribed levels of device quality and reliabil- 
ity. AMCC can support qualification using this method. 


Until August of 1983, the qualification most commonly 
used was Method 5005. Since that time, the newer 
revision of MIL-STD-883 includes Method 5010, which 
is better suited for semicustom devices (logic arrays 
included). Either qualification is adequate, but it is de- 
sirable to use the 5010 qualification procedure in 
qualifying custom or semicustom devices. 


Qualification Method 5005 VS. 5010 


The primary difference between the two methods is in 
the Group D test. Method 5005 uses electrically-good 
devices, where method 5010 uses electrical rejects 
and package-only parts for environmental tests. In ad- 
dition, Method 5010 is designed for smaller production 
releases (i.e., 2000 devices/year) while Method 5005 is 
designed for large production releases. 


Generic Data 


Under the provision of MIL-I-38535, a customer can 
elect to qualify using generic data (similar device/ 
family). However, the provisions of the applicable 
contract should be reviewed. In most cases generic 
data will satisfy full qualification requirements. 


Since many of the qualifications at AMCC are on- 
going, generic data may be available for this purpose. | 
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QUALITY SYSTEM OVERVIEW 


AMCC Product Assurance 
Product Flow Detail 


e Component Selection 


Design For ¢ Definition — Specification 


Manufacturability 
And Reliability ¢ Supplier: Selection — Qualification — Approval 


¢ Qualified Vendors List (QVL) 


e Acceptance Documents and Operating Procedures 
Incoming e Purchase Order 
Inspection ¢ Component/Material Specifications 


e Product Assurance and General Procedures 
° QVL 
e Sample Inspection of All Direct Materials 


e Class 10 Clean Room — FED-STD-209 

Wafer ¢ Measurements in Adherence with MIL-STD-977 
Fabrication 7 e SPC: 

e In-process Monitors 

e PCM Electricals 
¢ SEM Inspection on All Military Lots 


¢ QA Audits 
e CV Plots — Weekly (minimum) 
e DI Water — Weekly 


e Particle Counts 
e Bacteria Count 
e Airborne Particle Count — Weekly 


Wafer 
Electrical Test 


Wafer 
Stores 
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AMCG 


QUALITY SYSTEM OVERVIEW ~ 


AMCC Product Assurance 
Product Flow Detail 


e IPQC Audit 
Assembly Issue * Manufacturing 
Procedures 
Hermetic Hermetic 
Military Flow Commercial Flow 
Assembly and e Method 50041 e Method 5004 e Precap Visual 
Environmental © IPQC (No Centrifuge ¢ Die Shear SPC 
Screening e IPQC ° Wire Bond SPC 
¢ Customer Source oA bly Final 
Inspection (CSI) SSee rine ¢ Mold/External Visual 
Inspection 
e Lead Trim and Co- 
¢ Assembly Final , ; 
Inspection planatary Inspection 
Pre-Electrical 
¢ Methods 5004 & 
d Burn-! 
and Burn-in ook! 
e Methods 5004 & 50051 
Final ° IPQC © 25°C — 100% 
Electrical Test 
e Group A e O°C & 70°C — 


AQL=0.25% Sample 


e¢ Method 50051 
« IPQC « IPQC 
¢ Final Inspection e Final Inspection 


¢ Method 50051 ¢ Coplanatary Check 


¢ Performed by 
Customer Order 


CSI e e Per Order 


; e IPQC e IPQC 
pecraging tor shipment * Outgoing ¢ Outgoing Inspection 
Inspection 
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QUALITY SYSTEM OVERVIEW 


AMCC’S RELIABILITY VIGIL 


AMCC’s internal reliability vigil consists of three 
phases: 


e New/changed processes and material 
qualifications 


e in-process Quality monitors 
° Periodic operating life and environmental testing 


New/Changed Wafer Processes and Material 
Qualifications 


In order to initially release a device to production a 
standard set of MIL-STD-883 tests must be com- 
pleted successfully. These tests include: 


Wafer Process and Design 

¢ Operating Life Method 1005 

¢ ESD Characterization Method 3015 
e¢ Wire Bond Pull Method 2011 


¢ Thermal Shock or Method 1011 or 1010 
Temperature Cycling 


Package and Related Materials 


* Selected Subgroups of MIL-STD-883, Method 
5005, Group B and D 


AMCC adheres to MIL-I-38535 with regards to 


changes. 


If changes to production released devices are deter- 
mined to be major, the appropriate qualification testing 
must be successfully completed prior to change 
approval. 


In-Process Quality Monitors 

¢ CV plots 

e Airborne particle count 

¢ Bacteria, particle count, and resistivity on Di water 
¢ ESD work stations and procedures 

e In-line testing of process gases 

¢ Temperature and humidity control 

¢ SPC in wafer fabrication 


e SEM ofall military lots 
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Periodic Operating Life and 
Environmental Testing 


e Performed on a product from each process family 
quarterly. 


¢ 1000 hour operating life test (minimum), Method 
5005, Group C. 


¢ Temperature cycling per Method 1010, 100 cycles, 
condition C: -65°C/150°C 


¢ Environmental testing per AMCC standard test 
procedures. Consult factory for further details. 


Final Measure and Assurance of Quality 


The cost of defects depends on when the failure oc- 
curs. For example, costs rise significantly as 
undetected defective ICs are integrated into systems. 
High quality parts cut costs substantially, and the extra 
quality built into every AMCC device means added 
value to our customers. 


To achieve maximum quality, AMCC employs 100% 
testing of all devices, followed by stringent QA 
sampling. 


AMCC performs QA sampling measurements at full 
specification temperature, both DC and AC, to 
achieve the tightest AQLs in the industry. 


RADIATION HARDNESS 


High energy radiation can cause structural changes 
in the silicon and silicon dioxide crystal lattice by 
displacing atoms from their normal crystal sites. 
These changes can be responsible for increased 
junction leakage, degraded transistor current gain 
(b), and increased parasitic Si/SiO2 interface leak- 
age currents. The damage is generally induced by 
neutrons, X-rays, and gamma rays. The effects of 
the damage induced by this radiation can change 
both AC and DC parameters, affect functional perfor- 


mance, and, in severe cases, destroy the device. 


Certain of AMCC’s high performance products are 
inherently radiation resistant. The radiation resis- 
tance of AMCC IC’s is the result of the small 
geometries, the structure of the fabrication process 
itself, and the use of ECL logic within the device. 
Contact your AMCC representative regarding radia- 
tion resistance characteristics associated with a 
specific product. 
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The design of high speed TTL/CMOS systems is of- 
ten made more challenging and more difficult than 
their ECL and GaAs counterparts due to the poor 
transmission line behavior of the TTL device inputs. 
Since inputs from either TTL or CMOS devices pro- 
vide essentially no termination to a given signal path 
(transmission line), reflections at the end of the line 
are a certainty. Nowhere in a system is this more 
noticeable and disastrous than when it occurs on the 
system’s clock. It is here that the wrong choice for 
the clock driver can cripple the chance for success 
of a design. 


There are many contradictions imposed on the 
“ideal” TTL clock driver. For example, slower edge 
rates reduce undershoot, ringing and plateau effects 
at the expense of duty cycle, frequency and clock 
skew; while faster edge rates cause overshoot, 
noise injection, and greater EMI radiation while try- 
ing to improve frequency, duty cycle and clock skew. 


AMC 


a A COMPETITIVE EDGE 


AMCC has solved this dilemma with an output driver 
circuit that is best described as having two modes 
for controlling the clock edges. This patented 
method produces a fast, crisp edge during the transi- 
tion phase of the output waveform and then immedi- 
ately slows the edge and becomes a closer match to 
the impedance of the external PC board. Figure 1 
shows the representative effect of the “dual slope” 
on the falling edge of the clock. The output driver 
circuit actually uses the reflected wave to determine 
the appropriate inflection point for the slope and vir- 
tually eliminates “ground bounce”. 


Figure 1. “Dual Sloped” Output Driver Eliminates “Ground Bounce” 


1.0V 
5V 


AC 
1.5V Ly DC 


“Patented” Output Driver 
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1.0V 
BV 


“Typical” Output Driver 
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A COMPETITIVE EDGE. 


cally adjusting source series termination on the ris- 
ing edge. By adjusting the built-in termination to 
individual loading environments, AMCC’s clock driv- 
ers prevent “ringing” without the use of any addi- 
tional onboard termination. 


Figure 2 shows the representative effect of dynami- her Figure 3 shows an unterminated 66MHz output of an 


SC35XX Series Driver. Conventional TTL output 
stages, with or without serial termination resistors, 
cannot attain both the edge rates and the imped- 
ance matching qualities achieved with the AMCC 
method. 


Figure 2. Built-in, On-Chip Source (Series) Termination Minimizes “Overshoot” 


“Unmatched” Output Driver 


Figure 3. 


SC35XX Driver with 20 


“Matched” Impedance Output Driver 


F Load and 8" of Trace 


11801A DIGITAL SAMPLING OSCILIOSCOPE 
date: 29-OCT-92 time: 17:37:15 
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DEVICE SPECIFICATION 
20-OUTPUT CLOCK DRIVERS 


FEATURES 


e 20 clock outputs: 
— Grouped into banks of 5 or 10 outputs 


— Output frequency of each bank is user 
selectable 


¢ Leading edge skew for all outputs <0.5 ns 
e Proprietary output drivers with: 


— Complementary 24 mA peak outputs, source 
and sink 


— 50-75Q source series termination 


— Dynamic drive adjustment to match load 
conditions 


— Edge rates less than 1.5 ns 


e Minimizes the ground-bounce, overshoot, 
and ringing problems often encountered 
when using CMOS and Bipolar drivers 


e 52-pin PQFP package 
APPLICATIONS 


¢ Compatible with Intel’s Pentium™ processor 
¢ Compatible with PowerPC™ processors 
e PCI Bus clock distribution 


¢ Workstation and server systems with 
high clock fanout 


e Datacom and Telecom networks 


$C3500 Logic Diagram 


i 


| SC3500/06/07/08 


GENERAL DESCRIPTION 


The SC3500, SC3506, SC3507, and SC3508 are 
precision clock fan out drivers. They accept a refer- 
ence dock input from either a single-ended TTL 
source or a differential PECL frequency source. This 
reference clock input is distributed through dividers 
and buffers to the output clock drivers. 


The 20 outputs are divided into groups of 5 or 10 
outputs. The output frequency of each group can be 
F, F/2, F/4, or F/8, and is user selectable. Each of 
the clock driver products offers different combina- 
tions of divide ratios. 


Applied Micro Circuits Corporation (AMCC) uses 
proprietary complementary (source and sink) 24 mA 
peak output drivers. In addition to their drive capability, 
these circuits provide “source (series) termination” 
at the TTL outputs that minimize over/undershoot 
without requiring on-board termination networks. 
They are designed for a maximum output slew rate 
of =1.5V/ns to minimize simultaneous output switching 
noise and distortion. 


2 


10 
BINARY F/2 TA> | Fa 
COUNTER Mis. > 
i) 
F/2 F/4 F/8 i 


ra us-ta=>—>—01 Fe 
emoenclh'y 
i >_> Fe 
0G 
| 


“Fb” SEL & 


“Fo” SEL | 


Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 © (619) 450-9333 Page 3-5 


20-OUTPUT CLOCK DRIVERS. 
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20-OUTPUT CLOCK DRIVERS 


Absolute Maximum Ratings 


Storage Temperature ..................000688 -55° to +150°C 
Voc Potential to Ground..................06 -0.5V to +7.0V 
Input Voltage .........cesssesseseseeeeeeeees -0.5V to +Vcc 
Static Discharge Voltage ...............ccccceeeeee >1750V 
Maximum Junction Temperature ................... +140°C 
Latch-up Current ..............cccccceesseeeeeenseeeeeeees >200 mA 
Operating Ambient Temperature ............ 0° to +70°C 


Electrical Characteristics 


$C3500/06/07/08 


Capacitance (package and die total) 


HDT SPINS 3 tease ac csincuecanseonadieasuuatunsteaatcatusanieeenint’ 5.0 pF 
ET ECOUIDUL PINS scscesceereetiesicisesGestaceranesestiosees 5.0 pF 


Voc = +5.0V + 5%, Ta = 0°C to +70°C (reference “AC Test/Evaluation Circuit”) 


Parameter 


Static Core Power Dissipation 


1. Maximum test duration, one second. 


Input HIGH Voltage (PECL) Differential Source—PECL 


Cinput LOW Voltage (TTL) | AlltTLinputs__——S~d:~C | OB | 

im [Input HIGH Current (PECL) | Vin=Voo(max)——S—S~dSSCS~sSCO | 
CCLKSEL «dV Veo (max) —SS~sSCSC~idtSCi SO 
PResttSSSSOS™~s eV SSCSCS~wSC~*~*C OWA 

CTTL, CSEL BSEL_——————~d yea SSSSC—SSCSCSCS Bo 

i [Input LOW Current (PECL) | Vin=Voo@0V———S—S«dY~SCSC~idCSCi‘SS YC 
CCUKSELSS~S WV SCSC~SCSSC~‘“SC*“‘O 

TResst SSS VB SSSOS~SSCSC~*dSC 8B 

CTTL, CSEL,BSELS—~d WV SOS~—SCSSCSC~*‘dSCSC‘S WA 

[Vou | Output HIGH Voltage | Four=S80MHzmaxC,=10pF_[ 24 [| V_ 
[Vou | Output LOW Voltage | Four=80MHzmaxC.=10pF_| + 06 | V_ 
[Tost | Output HIGH Short Ckt Current Output High, Vour= OV Typ | 65 |_| mA 
[Torst | Output LOW Short Ckt Current | Output Low, Vour=Veo Typ | 85 |__| mA | 


$C3500, 70°C, Typ Pwr=370 mW 
SC3506, 70°C, Typ Pwr=350 mW 
SC3507, 70°C, Typ Pwr=370 mW 
SC3508, 70°C, Typ Pwr=340 mW 


< 


2. The SC3500/06/07/08 features source series termination of approximately 40 Ohms to assist in matching 


50-75 Ohm P.C. board environments. 


PECL Differential Input Voltage Range 


VIL 


ViH VIH 
INPUT DIFFERENTIAL Vip = 400mv 
VIL 


Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 ¢ (619) 450-9333 


DC Characteristics 


The outputs have been designed specifically for 
clock distribution. In the development of this product, 
AMCC has made several trade-offs between the 
historic “high drive, totem pole outputs” and AMCC’s 
dynamically adjusting source series terminated outputs. 
As a result of this, the outputs will dynamically 
source and sink a symmetrical 24 mA of current. Ina 
DC state, it exhibits the following specifications: 


SC3500/06/07/08 _————-90-OUTPUT CLOCK DRIVERS ff 


AC Specifications—Using “AC Test/Evaluation Circuit” 
Voc = +5.0V + 5%, Ta = 0°C to +70°C, Croan = 10pPF 


Maximum Skew Across All Outputs 
Options: Standard 1.0 1.0 1.0 1.0 
—1 0.5 0.5 0.5 0.5 
2 0.5 0.5 
Maximum Skew Chip to Chip 
1.0 1.0 


Options: Standard 


Maximum PECL Differential Input dee a ia 
Frequency 


1. Skew is referenced to the rising edges of all outputs. 


2. Output Duty Cycle Asymmetry is defined as the Duty Cycle deviation from 50%, measured at 1.5V. Duty Cycle will be 
effected by voltage, temperature, and load (including the length of the PC trace). Only applies to divided outputs. 


3. Typical skew derating factor for different loads is 50 ps/pF at 1.5V threshold. For example, a 5pF load difference equals 
a 250 ps skew difference. 


4. Edge rates are measured from 0.8V to 2.0V. Load consists of a 6" board trace (70 Ohm) with a 10 pf capacitive load. 
See “AC Test/Evaluation Circuit.” Synchronous outputs may be paralleled for higher loads. 


5. Parameters guaranteed by design and characterization. 


Threshold Crossing Characteristics 


INPUTS 


50%+1ns 


CLOCK 
OUTPUT +2.0V 


+1.5V 
+0.8V 


T rise 1.5ns 1.5ns T fall 


Trise and Tfall are “real load” dependent. The values indicated are for 6" of board trace 
(70 Ohm) with a 10 pF capacitive load. See the Clock Driver Application Note. 
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AMCCG 


20-OUTPUT CLOCK DRIVERS 


DESCRIPTION OF OPERATION 
(Refer to Logic Diagrams) 


AMCC has developed a single-chip clock shape and 
20-output fan-out device using AMCC’s advanced 
BiCMOS process. This design has been optimized 
for clock symmetry and absolute minimum skew 
across all twenty outputs. 


For highest performance this approach requires a 
clock source input from a crystal-controlled oscillator 
(XCO) located adjacent to this clock driver. This 
oscillator, operating between +5V and ground, can 
provide either differential ECL inputs (referenced to 
+5V, PECL) or TTL (CMOS) input levels to AMCC’s 
Clock Driver. The input selection is accomplished via 
the “Clock Sel” input where a “HIGH” level activates 
the differential ECL input and a “LOW?” activates the 
TTL input. This input clock will be fanned out to a 
divide-down counter and master-slave flip-flops for 
synchronization (refer to the Logic Diagrams). 


The RESET input is provided to hold off or clear the 
outputs as may be required by the user’s system. 
This pin may be logically driven from a TTL output. 
Optionally, if a capacitor (4.7uF = ~100 ms) is con- 
nected between this pin and ground, the device will 
respond with a “power up reset’—a delay in the 
clock outputs becoming active. At the onset of RESET 
(low) the outputs will go low following five falling 
edge clock inputs (four clock inputs for the SC3506 
and SC3508). At the expiration of RESET (high) out- 
puts will resume, after five falling edge clock inputs 
(four clock inputs for the SC3506 and SC3508), from 
a high (leading edge) count origin (see Figure 5, 
Reset To Output Timing in the Clock Driver Applica- 
tion Note). 


$C3500/06/07/08 Product Selection Guide 


Output Frequency 
with Respect to Input Frequency 


Number of 
Outputs 


Number of 
Total Outputs 
Outputs : 


[sexo [ao 
Eos 
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$C3500/06/07/08 


The output drivers are rise and fall slew rate con- 
trolled to ~1.5V/ns to minimize noise and distortion 
resulting from simultaneous switching of the 20 
outputs. These outputs also feature series termination 
(~40 Ohms) to significantly reduce the overshoot 
and undershoot of non-terminated transmission 
lines. This will satisfy printed circuit line impedances 
of 50-75 Ohms terminated into 15 pF (two IC input 
package receiver pins). When applications require 
large load capacitance (>25pF with 50 Ohm P.C. 
board impedance) and/or large peak voltage amplitudes 
(>3.5 Volts), two adjacent drivers may be 
paralleled, thereby halving the series resistance and 
doubling the peak current. 


Power and ground are interdigitated with the outputs. Of 
the 52 package pins, 22 are used for low impedance 
on-chip power distribution. Due to the simultaneous 
switching of outputs, low impedance +V,, and ground 
planes within the P.C. board are recommended, as 
well as substantial decoupling capacitance (see the 
Clock Driver Application Note for recommendations). 


The IC package and die layouts are tightly coupled to 
assure precise matching of all of the outputs. Collec- 
tively, the resistance, inductance, and capacitance of 
the package and wire bonding is managed to insure 
that the clock driver will exhibit skews less than the 
specified maximum. A plastic 52-lead quad flat pack 
with .039" lead pitch is employed with an outer lead 
square footprint of approximately 0.7" per side. 


Number of 
Outputs 


Special Features 


52 PQFP 
52 PQFP 


52 PQFP 
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AMG 


$C3500 Output Clock Frequency Selection 


Note: XCO is the input frequency for either the PECL Inputs or the TTL Input. Non-crystal oscillator sources may be 
used at the user’s discretion. See the Clock Driver Application Note. 


$C3507 Output Clock Frequency Selection 


a 
ae ee 
es 


Note: XCO is the input frequency for either the PECL inputs or the TTL input. Non-crystal oscillator sources may be 
used at the user’s discretion. See the Clock Driver Application Note. 


$C3506 and SC3508 have no frequency selection capabilities. 


AC Test/Evaluation Circuit 


Vcc = +5.0V 


10 10 10 10 10 10 
[JY ssn TOTO OTTO OTO COTO OTH O 
C) ; 


= . ~6 INCHES of 70 OHM P.C.B. —---—-»] 


NOTES: All inductance is in nH. Capacitance is in pF. 
At frequencies above 50 MHz, a single point load destination is recommended. 
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20-OUTPUT CLOCK DRIVERS $C3500/06/07/08 


Power Management 


The overall goal of managing the power dissipated 
by the clock driver is to limit its junction (die) tempera- 
ture to 140°C. A major component of the power dissi- 
pated internally by the clock driver is determined by 
the load that each output drives and the frequency 
that each output is running. The “Output Power Dis- 
sipation” table summarizes these dependencies (see 
the “AC Test/Evaluation Circuit’, for complete load 
definition). 


The output power must be added to the core power 
(600 mW) of the clock driver to determine the total 
power being dissipated by the clock driver. This total 
power is then multiplied by the clock driver’s thermal 
resistance, with the result being added to the ambient 
temperature to determine the junction temperature of 
the SC350X. For greatest reliability, this junction 
temperature should not exceed 140°C. The thermal 
resistance for the clock driver is detailed in the 52- 
pin PQFP Thermal Dissipation vs. Airflow graph in 
the Package appendix at the end of this section. 


Output Power Dissipation 
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FREQUENCY | CLoap=5pF | CLoap=10pF | CLoap=15pF | CLroap=25pF| NO LOAD 


For example: An application utilizes an clock driver 
with 8 Fa outputs driving 10 pF loads at 66 MHz, 3 Fb 
outputs driving 5 pF loads at 33 MHz and 2 Fc out- 
puts driving 15 pF loads at 33 MHz. Total chip power 
is calculated as follows: 


Core Power (SC3500) = 600 mW 
8 Fa, 10 pF, 66 MHz = (8 x 47 mW) = 376 mW 
2 Fa, no load, 66 MHz = (2 x 16 mW) = 32 mW 
3 Fb, 5 pF, 33 MHz = (3 x 19 mW) = 57 mW 
2 Fb, no load, 33 MHz = (2 x 12 mW) = 24 mW 
2 Fc, 15 pF, 33 MHz = (2 x 24 mW) = 48 mW 
3 Fc, no load, 33 MHz = (3 x 12 mW) = 36 mW 


Total Power = 1173mW 


The design specifies a 70°C still air ambient. Refer- 
ring to the 52-pin PQFP Thermal Dissipation vs. Air- 
flow graph in the Package appendix, the Oja for still 
air is 46.2°C/watt. The clock driver’s junction 
temperature would then be: 


70°C + (1.173 watts x 46.2°C/watt) = 124°C 


Note this is below the 140°C maximum junction 
temperature. 


18 mW 


11 mW 
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SC3500/06/07/08 | 20-OUTPUT CLOCK DRIVERS 


$C3500 Relative Output Timing 
INPUT 


F/2 


F/4 


$C3506 Relative Output Timing 


$C3507 Relative Output Timing 


$C3508 Relative Output Timing 
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20-OUTPUT CLOCK DRIVERS | ~ $C3500/06/07/08 


$C3500 Pinout $C3506 Pinout 


52{-1_] CLK SEL 
5271 CLK SEL 
40(] TTL OSC 


(@) 
RESET CT] Oo RESET CI-]1 39 TJ] PECL OSCP 
~T-] PECL OSCN 


BSEL [10113 


CSELLLJ14 


$C3508 Pinout 


401] TTL OSC 
52T-T_] CLK SEL 


O 


39 CI] PECL OSCP RESET C431 


TT PECL OSCN 


BSEL CI7113 


wt 
— 
a 
a 
a4 
i 
n 
oO 
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20-OUTPUT CLOCK DRIVERS 
Ordering Information | | 


AMCC clock driver products are available in several output skew and shipping configurations. 
The order number is formed by a combination of: e Device Number 

e Package Type 

¢ Skew Option (if applicable) 

¢ Optional Shipping Configuration 


Optional Shipping Configuration 
Blank = 84-unit matrix tray 

/D = dry pack 

/TD = tape, reel and dry pack 


Skew Option 

Blank = 1.0 ns output-output skew 
— 1 = 500 ps output-output skew 
—2=1.0ns chip-to-chip skew 


Package Option 
Q = 52-pin Plastic Quad Flat Pack (PQFP) 


Device Number 


Example: SC350XQ-1/D 
52-pin PQFP package, 500 ps output-output skew, 
shipped dry packed in the standard matrix tray. 


$C3508 
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DEVICE SPECIFICATION 


9 AND 10-OUTPUT CLOCK DRIVERS 


FEATURES 


e Nine or Ten clock outputs: 


— Outputs operate at frequencies, up to 
80 MHz 


— Outputs grouped in two banks of five outputs 
on SC3517/18/28/29 


— Outputs grouped in a bank of four and a bank 
of five outputs on the SC3526 


— Outputs grouped in a bank of three and a bank 
of seven outputs on the SC3527 


Leading edge skew for all outputs <0.35 ns 
Proprietary output drivers with: 


~ Complementary 24 mA peak outputs, source 
and sink 


— 50—75Q source series termination 


— Dynamic drive adjustment to match load 
conditions 


— Edge rates less than 1.5 ns 


Minimizes the ground-bounce, overshoot, 
and ringing problems often encountered 
when using CMOS and Bipolar drivers 


28-pin SOIC package 


$C3517 Logic Diagram 


CLOCK SEL L. 
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APPLICATIONS 


Compatible with Intel’s Pentium™ processor 
Compatible with PowerPC™ processors 
e PCI Bus clock distribution 


e Workstation and server systems with 
high clock fanout 


e Datacom and Telecom networks 
GENERAL DESCRIPTION 


The S$C3517, SC3518, SC3526, SC3527, SC3528 
and SC3529 are precision low skew clock drivers 
with nine or ten outputs. They require a clock input 
from a single-ended TTL or an ECL differential 
source operating between +5V and ground. This ref- 
erence frequency input is received and distributed to 
divide-by-two master-slave flip-flops or to the clock 
output drivers. 


Applied Micro Circuits Corporation (AMCC) uses pro- 
prietary complementary (source and sink) 24 mA peak 
output drivers. In addition to their drive capability, these 
circuits provide “source (series) termination” at the 
TTL outputs that minimize over/undershoot without 
requiring on-board termination networks. They are 
designed for a maximum output slew rate of =1.5V/ns 
to minimize simultaneous output-switching noise and 
distortion. 


There are no “Fa” outputs on the SC3517 
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$C3518 Logic Diagram — 
There are no “Fa” outputs on the SC3518 


20K 
RESET = 


oe SR 
CLOCK SEL[_ | > 


$C3526 Logic Diagram 


There are no Fa outputs on the SC3526 
RESET [7] 


CLOCK SEL |_| 


SYNC IN [|_| [s>——O SYNC OUT 


$C3527 Logic Diagram 


There are no Fa outputs on the SC3527 
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$C3528 Logic Diagram 
There are no Fa outputs on the SC3528 
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$C3529 Logic Diagram 


There are no Fa outputs on the SC3529 
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$C3517/18/26/27/28/29 Product Selection Guide 
Output Frequency 
with Respect to Input Frequency 
Number of Number of Number of 
Total Outputs Outputs Outputs 
Outputs +1 + +2or4 Special Features Package 
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Absolute Maximum Ratings Capacitance (package and die total) 

Storage Temperature ................. cece -55° to +150°C INDUC PINS vc -Secds ences deers: 5.0 pF. 
Voc Potential to Ground ..................66 -0.5V to +7.0V TL Output PINS seiicssvdscecisiycactsseveeontenatecneteunans 5.0 pF 
Input Voltage .............cccccscessssseeseeeeeeeeees -0.5V to +Vcc 

Static Discharge Voltage ...............ccceecceeeeees >1750V 

Maximum Junction Temperature ................... +140°C 

Latch-up Current ................ccccccccceessesecseeeeees >200 mA 

Operating Ambient Temperature ............ 0° to +70°C 


Electrical Characteristics 
Voc = +5.0V + 5%, Tg = 0°C to + 70°C (reference “AC Test/Evaluation Circuit’) 


po | Input HIGH Voltage (TTL) ll TTL Inputs 
Input LOW Voltage (PECL) ifferential Source—-PECL 
= | Input LOW Voltage (TTL) All TTL Inputs 
Input HIGH Current (PECL) Vin = Vcc (max) 
CLKSEL Vin = Voc (max) 
Vin = 2.4V 


Output HIGH Voltage Fout = 80MHz max C, = 10pF 


Output LOW Voltage Fout = 80MHz max C, = 10pF 
Output HIGH Short Ckt Current | Output High, Vout = OV Typ 
lois! Output LOW Short Ckt Current Output Low, Vout = Vcc Typ 


PWR Static Core Power Dissipation $C3517, 70°C, Typ Pwr=370 mW 
$C3518, 70°C, Typ Pwr=250 mW 
$C3526, 70°C, Typ Pwr=225 mW 
$C3527, 70°C, Typ Pwr=350 mW 

| SC3528, 70°C, Typ Pwr=425 mW 
$C3529, 70°C, Typ Pwr=250 mW 


1. Maximum test duration, one second. 


2. The $C3517/18/26/27/28/29 features source series termination of approximately 40 Ohms to assist in matching 
50-75 Ohm P.C. board environments. 


Vin | 

Vit 

Ts 

he 
RESET | Vin = 0.5V 
TTL, CSEL Vin = 0.4V 


PECL Differential Input Voltage Range DC Characteristics 


The outputs have been designed specifically for 
clock distribution. In the development of this product, 
AMCC has made several trade-offs between the 


VIH VIH historic “high-drive, totem-pole outputs” and AMCC’s 
INPUT DIFFERENTIAL X Vip 2 400mV dynamically adjusting source series terminated outputs. 
VIL Vib As a result of this, the outputs will dynamically 


source and sink a symmetrical 24 mA of current. Ina 
DC state, it exhibits the following specifications: 
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AC Specifications — Using “AC Test/Evaluation Circuit” 
Voc = +5.0V + 5%, Ta = 0°C to 70°C, Cropp = 10pF 


Maximum Skew Across All Outputs 


Options: Standard 


Delay of Fb from Fe outputs 
(CLKSEL = 1) [Tdly] 


Maximum Output Duty Cycle Asymmetry 


Maximum TTL Input Frequency | 80 | 80" 


Maximum PECL Differential Input 160 
Frequency 


Notes: 

1. Skew is referenced to the rising edges of all outputs. 

2. Output Duty Cycle Asymmetry is defined as the Duty Cycle deviation from 50%, measured at 1.5V. Duty Cycle will be affected by 
voltage, temperature, and load (including the length of the PC trace). 

3. Typical skew derating factor for different loads is 50 ps/pF at 1.5V threshold. For example, a 5pF load difference equals a 250 ps 
skew difference. 

4. Edge rates are measured from 0.8V to 2.0V. Load consists of a 6" board trace (70 Ohm) with a 10 pf capacitive load. ; 
See “AC Test/Evaluation Circuit.” Synchronous outputs may be paralleled for higher loads. 

5. Parameters guaranteed by design and characterization. 


Min. 45% 
Max. 55% 


Threshold Crossing Characteristics 


50% + 10% 


50% + ins* 


T rise|+— 1.5ns 


NOTE: Trise and Tfall are “real load” dependent. The values indicated are for 6" of board 
trace (70 Ohm) with a 10 pF capacitive load. See the Clock Driver Application Note. 


* Applies only to divide-by-two outputs. 
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9 AND 10-OUTPUT CLOCK DRIVERS 


DESCRIPTION OF OPERATION 
(Refer to Logic Diagram) 


AMCC has developed single-chip, nine or ten-output 
clock buffer drivers using AMCC’s advanced 
BiCMOS process. These designs have been opti- 
mized for minimum skew. 


The clock source input for these devices may operate 
between +5V and ground and can provide either dif- 
ferential ECL inputs (referenced to +5V, PECL) or 
single-ended TTL (CMOS) levels. This selection is ac- 
complished by use of the CLKSEL pin, where logic 
LOW (or “float’) selects TTL and logic HIGH selects 
PECL. On the SC3527, when CLKSEL is low (or float- 
ing) TTLOSCO is used to drive the FBO-6 outputs, and 
when CLKSEL is high, both output groups use the 
TTLOSC1 reference input clock (see SC3527 Appli- 
cation Examples). This input clock will be fanned out 
to translation amplifiers and output drivers, refer to the 
preceding logic diagrams. The output duty cycle asym- 
metry becomes a function of the output driver slew rate 
into the AC load for divided outputs. For simple buffered 
(1x frequency) outputs, the output duty cycle asymmetry 
becomes a function of the input clock waveshape and 
the output driver slew rate into the AC load. 


The RESET input is provided to hold off or clear the 
outputs, as may be required by the user’s system. 
This pin may be logically driven from a TTL output. 
For the products with (pullup) resistors on the RE- 
SET input, a capacitor (4.7uF =~ 100 ms) connected 
between this pin and ground will cause the device to 
respond with a “power-up reset’—a delay in the 
clock outputs becoming active. At the assertion of 
RESET the SC3518/28/29 outputs will go low follow- 
ing four falling edge clock inputs. The SC3527 out- 
puts will go low after three falling edge clock inputs 
and the SC3517 output will go low after five falling 
edge clock inputs. At the deassertion of RESET, the 
$SC351 8/28/29 outputs will resume operation after 
four falling edge clock inputs. The SC3527 outputs 
will resume after three falling edge clock inputs and 
the SC3517 outputs will resume operation after five 
falling edge clock inputs. 


The RESET input of the SC3526 operates in a 
different fashion. When RESET is held high 
(asserted), the FCO-4 outputs will continue to run 
while the FBO-3 outputs will be driven to a static 
high. When RESET is de-asserted, the FBO-3 
outputs will be active after a fixed three-input clock 
delay, from a leading edge count origin. 


The SC3526 also includes a synchronization circuit. 
The synchronization circuit provides three serial 
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flip flops clocked by the internally generated F/2 
(half reference frequency) clock which can be 
used to provide a three-stage metastability filter or 
a three-cycle delay of the F/2 outputs. The circuit 
receives its input from the SYNCIN input and 
feeds the D-input to the first flip-flop; the Q output of 
the flip-flop feeds the D-input of the second flip-flop 
which, in turn, feeds the third flip-flop. The Q output 
of the third flip-flop drives the SYNCOUT pin. 


For the SC3529, the CTLO and CTL1 inputs can be 
used to “power down” two, five, or ten of the 
SC3529’s outputs. The control circuitry is designed 
to be synchronous with the reference clock to pre- 
vent duty cycle distortion during power-up or power- 
down sequencing. 


When the inputs are configured (see “SC3529 Input 
Confiiguration table”), the appropriate outputs are 
driven to the minimum power state (LOW). With all 
outputs disabled, the power of the device is equal to 
its static dissipation of 250 mW. 


The output drivers are rise and fall slew rate con- 
trolled to ~1.5V/ns to minimize noise and distortion 
resulting from simultaneous switching of the 10 out- 
puts. These outputs also feature series termination 
(~40 Ohms) to significantly reduce the overshoot 
and undershoot of non-terminated transmission 
lines. This will satisfy printed circuit line impedances 
of 50 to 75 Ohms terminated into 15 pF (two IC input 
package receiver pins). When applications require 
large load capacitance (>25pF with 50 Ohm P.C. 
board impedance at higher frequencies) and/or large 
peak voltage amplitudes (>3.5 Volts), two adjacent 
drivers may be paralleled, thereby halving the series 
resistance and doubling the peak current (see the 
Clock Driver Application Note). 


Power and ground are interdigitated with the out- 
puts. Of the 28 package pins, 10 are used for low 
impedance on-chip power distribution. Due to the si- 
multaneous switching of outputs, low impedance 
+Vcc and ground planes within the P.C. board are 
recommended, as well as substantial decoupling ca- 
pacitance (see the Clock Driver Application Note for 
recommendations). 


The IC package and die layouts are tightly coupled to 
assure precise matching of all of the outputs. Collec- 
tively, the resistance, inductance, and capacitance of 
the package and wire bonding is managed to ensure 
that the clock driver will exhibit skews less than the 
specified maximum. A plastic 28-lead small outline 
package with .050" lead pitch is employed with an 
outer lead rectangular footprint of approximately 0.7" 
by 0.4". 
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$C3529 Input Configuration $C3517 Output Clock Frequency Selection 


FUNCTION “c”SEL | XCOFREQ | Fb | Fe 
Note: XCO is the input frequency for either the PECL Inputs or 
Pe Ee | FBO — FB1 enabled the TTL Input. Non—crystal oscillator sources may be 
used at the user’s discretion. See the Clock Driver 
All outputs disabled 


Application Note. 
$C3527 Application Examples 
Example 1. Example 2. 30 


Low Skew, Single Reference Frequency Mode Dual Reference Frequency Mode, Asynchronous 


Three outputs at the primary frequency and seven Three outputs at the primary frequency and 
outputs at half the primary frequency; each group seven outputs at the secondary frequency with =1 
internally synchronized. The 33 MHz outputs are ns internal delay at the F, outputs. 

delayed from the 66 MHz outputs by =1 ns. 


TTLOSC1 TTLOSC1 


SC3527 SC3527 


TTLOSCO 


33 MHz with Fy 
=1Ins delay 
from 66 MHz 


CLKSEL = 1 CLKSEL = 0 


AC Test/Evaluation Circuit 


Vcc = +5.0V 


10 10 10 10 10 10 
({ |)" soos O O10 010 010 O10 O10 6 
& 


7 + ~6 INCHES of 70 OHM P.C.B. a 


NOTES: All inductance is in nH. Capacitance is in pF. 
At frequencies above 50 MHz, a single point load destination is recommended. 
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9 AND 10-OUTPUT CLOCK DRIVERS 


Power Management 


The overall goal of managing the power dissipated by 
the clock driver is to limit its junction (die) temperature 
to 140°C. A major component of the power dissipated 
internally by the clock driver is determined by the load 
that each output drives and the frequency that each 
output is running. The “Output Power Dissipation” 
table summarizes these dependencies (see “AC Test/ 
Evaluation Circuit’, for complete load definition). 


The output power must be added to the core power 
(600 mW) of the clock driver to determine the total 
power being dissipated by the clock driver. This total 
power is then multiplied by the clock driver’s thermal 
resistance, with the result being added to the ambient 
temperature to determine the junction temperature of 
the clock driver. For greatest reliability, this junction 
temperature should not exceed 140°C. The thermal 
resistance for the clock driver is detailed in the 28-pin 
SOIC Thermal Dissipation vs. Airflow graph in the 
Package appendix at the end of this section. 


Output Power Dissipation 


FREQUENCY | C.ioap=5pF | CLoap=10pF | CLoap=15pF | CLoap=25pF | NO LOAD 


For example: An application utilizes a clock driver 
with 5 Fa outputs driving 10 pF loads at 66 MHz and 
4 Fb outputs driving 15 pF loads at 33 MHz. Total 
chip power is calculated as follows: 


Core Power (SC3517) = 600 mW 


5 Fa, 10 pF, 66 MHz = (5 x 47 mW) = 235 mW 
4 Fb, 15 pF, 33 MHz = (4 x 24 mW) = 96 mW 
1 Fb, no load, 33 MHz = (1 x 12 mW) = 12 mW 


Total Power = 1173mW 


The design specifies a 70°C still air ambient. Refer- 
ring to the 28-pin SOIC Thermal Dissipation vs. Air- 
flow graph in the Package appendix, the Oja for still 
air is 57.7°C/watt. The clock driver’s junction 
temperature would then be: 


70°C + (0.943 watts x 57.7°C/watt) = 124°C 


Note this is below the 140°C maximum junction 
temperature. 


ss 
it 
[zoe [tem [tem | tem [eam | omw 
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$C3517 Relative Output Timing 


INPUT 


Fb 


Fe 


$C3518/28/29 Relative Output Timing 


INPUT 


Fb 


Fc 


$C3526/27 Relative Output Timing 


INPUT 


Fb 


Fc 
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$C3517 Pinout 


GND 

FC3 

vec 

FC4 
PECLOSCN 
PECLOSCP 
TTLOSC 
CLKSEL 
RESET 
GND 

FB4 

GND 

FB3 

vcc 


GND 

FB2 

vec 

FB3 
PECLOSCN 
PECLOSCP 
TTLOSC 
CLKSEL 
RESET 
GND 

FC4 

GND 

FC3 

VCC 


GND 

FC3 

vcc 

FC4 
PECLOSCN 


PECLOSCP 
TTLOSC 


CLKSEL 
RESET 
GND 
FB4 
GND 
FB3 
VCC 
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FB1 
VCC 
FBO 
GND 
SYNCOUT 
N/C 
SYNCIN 
N/C 
VCC 
FCO 
VCC 
FC1 
GND 
FC2 
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$C3518 Pinout 


GND 
FC3 

VCC 

FC4 
PECLOSCN 
PECLOSCP 
TTLOSG 
CLKSEL 
RESET 
GND 

FB4 

GND 

FB3 

VCC 


GND 
FB2 
VCC 
FB3 
N/C 


N/C 
TTLOSC1 


CLKSEL 
RESET 
GND 
FB6 
GND 
FBS 
voc 


GND 

FC3 

VCC 

FC4 
PECLOSCN 


PECLOSCP 
TTLOSC 


CLKSEL 
RESET 
GND 
FB4 
GND 
FB3 
VCC 


FB1 
vcc 
FBO 
GND 
FCO 
N/C 
TTLOSCO 
N/C 
vcc 
FC1 
vcc 
FC2 
GND 
FB4 
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Ordering Information 


AMCC clock driver products are available in several output skew and shipping configurations. 
The order number is formed by a combination of: e Device Number 

e Package Type 

e Skew Option (if applicable) 

¢ Optional Shipping Configuration 


Optional Shipping Configuration 
Blank = 25-unit tube 

/D = dry pack 

/TD = tape and reel, dry pack 


Skew Option 
Blank = standard output-output skew 
- 1 = 500 ps output-output skew 


Package Option 
S = 28-pin Small Outline Integrated Circuit (SOIC) 


Device Number 


Example: SC35XXS-1/D 
28-pin SOIC package, 500 ps output-output skew, 
shipped dry packed in the standard tube. 
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CoNTENTS 
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AMCG 


20-OUTPUT LVTTL CLOCK DRIVERS ~ §C3306/08 


FEATURES GENERAL DESCRIPTION 

° 20 clock outputs: The SC3306 and SC3308 are precision low skew 
- Ten or twenty outputs (SC3308) at primary clock drivers with 20 outputs. These employ a clock 
frequency, up to 80 MHz input from a single-ended TTL or an ECL differen- 

- Ten outputs at 1/2 primary frequency (SC3306) tial source operating between +5V and ground 

e All outputs are leading edge synchronized (PECL). This reference frequency input is received 
to within <0.5 ns and distributed to divide-by-two or master-slave flip- 

e¢ Proprietary output drivers with: flops. The resultant output is distributed to the clock 

- Complementary 24 mA peak outputs, output drivers. All outputs conform with JEDEC 


source and sink 


- 50—75Q source series termination 


LVTTL levels. 
Applied Micro Circuits Corporation (AMCC) uses 


- Dynamic drive adjustment to match load proprietary complementary (source and sink) 24 


conditions 
- Edge rates less than 1.5 ns 


mA peak output drivers. In addition to their drive 
capability, these circuits provide “source (series) 


e Output levels comply with JEDEC LVTTL termination” at the TTL outputs that minimize over/ 


standard 
e +5V Vcc supply 
e 52 PQFP package 


undershoot without requiring on-board termination 
networks. They are designed for a maximum output 
slew rate of =1.5V/ns to minimize simultaneous out- 


¢ Minimizes the ground-bounce, overshoot, put-switching noise and distortion. 
and ringing problems often encountered 
when using CMOS and Bipolar drivers 


APPLICATIONS 


¢ Compatible with Intel’s Pentium™ and 
Pentium Pro™ processors, and PowerPC™ 


603/604 processors 
e PCI Bus clock distribution 


¢ Workstation and server systems with 


high clock fanout 


e Datacom and Telecom networks 


$C3306 Logic Diagram 
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$C3308 Logic Diagram 
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$C3306/08 Product Selection Guide 


Output Frequency 
with Respect to Input Frequency 
Number of Number of 
Total Outputs | Outputs + 1 Outputs + 2 Special Features Package 
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Absolute Maximum Ratings 


Storage Temperature ....................0006 -55° to +150°C 
Vcc Potential to Ground............ a. -0.5V to +7.0V 
Input Voltage ............eeecceecsseseseeceseeees -0.5V to +Vcc 
Static Discharge Voltage ................:::cccceeeeeees >1750V 
Maximum Junction Temperature ................... +140°C 
Latch-up Current ...............ccccceeeeeeeeeeeeceeeeeees >200 mA 
Operating Ambient Temperature ............ 0° to +70°C 


Electrical Characteristics 


$C3306/08 


Capacitance (package and die total) 


AD Ut PIAS estes teresa visnaiecescnsensseeencteemaneeauas 5.0 pF 
EP LSQUIDUL PINS acai cctver devceandccenctrian tier teteetsss 5.0 pF 


Voc = +5.0V + 5%, Ta = 0°C to + 70°C (reference “AC Test/Evaluation Circuit”) 


N= 0.4V 


Vo Output HIGH Voltage 
V 


PWR Static Core Power Dissipation 


Fout = 80MHz, C, = 10pF 


SC3306, 70°C, Typ Pwr=370mMW 


SC3308, 70°C, Typ Pwr=370mW 


1. Maximum test duration, one second. 


2. The driver feature source series termination of approximately 40 Ohms to assist in matching 50-75 Ohm P.C. board environments. 


PECL Differential Input Voltage Range 


+Voc 


IL 


VIH VIH 
INPUT DIFFERENTIAL >< Vip = 400mv 
Vib V 


Voc -2.0V 
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DC Characteristics 


The outputs have been designed specifically for 
clock distribution. In the development of this product, 
AMCC has made several trade-offs between the 
historic “high-drive, totem-pole outputs” and AMCC’s 
dynamically adjusting source series terminated outputs. 
As a result of this, the outputs will dynamically 
source and sink a symmetrical 24 mA of Current. In 
a DC state, it exhibits the following specifications: 


PV¥o[ to=2ma | | o6v 
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AC Specifications—Using “AC Test/Evaluation Circuit” 
Voc = +5.0V + 5%, Ta = 0°C to +70°C, Croan = 10pF 


Maximum Skew Across All Outputs 


Options: 


Notes: 


1. Skew is referenced to the rising edges of all outputs. 
2. Output symmetry follows input symmetry for the 1X outputs. 


3. Asymmetry is defined as the deviation from a 50% duty cycle measured at 1.5V. Asymmetry will be 
affected by voltage, temperature, and load (including the length of the PC trace). 


4. Typical skew derating factor for different loads is 50ps/pF at 1.5V threshold. For example, a 5pF load 
difference equals a 250 ps skew difference. 


5. Edge rates are measured from 0.8V to 2.0V. Load consists of a 6" board trace (70 Ohm) with a 10 pF 
capacitive load. See “AC Test/Evaluation Circuit.” Synchronous outputs may be paralleled for higher 
loads. The maximum rising edge rate is specified at 5.0V and must be derated at 1.4ns/V for Voc <5.0V. 

6. Parameters guaranteed by design and characterization or tested. 


Threshold Crossing Characteristics 


50% + 10% 


INPUTS 


50% +1 ns* 


CLOCK 
OUTPUT 


+0.8V 


T risel<—1.35ns 1.5ns —>| T fall 


NOTE: Trise and Tfall are “real load’ dependent. The values indicated are for 6" of board 
trace (70 Ohm) with a 10 pF capacitive load. See the Clock Driver Application Note. 


*Applies only to divide-by-two outputs. 


20-OUTPUT LVTTL CLOCK DRIVERS 
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AC Test/Evaluation Circuit 


Vec = +5.0V 


10 10 10 10 10 10 
([L]Y 7 soo 6010 010010 010 010.0 
OO) 


_ +~—____ ~6 INCHES of 70 OHM P.C.B. —_—_—+ 


NOTES: All inductance is in nH. Capacitance is in pF. 
At frequencies above 50 MHz, a single point load destination is recommended. 


$C3306 Relative Output Timing 


$C3308 Relative Output Timing 
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DESCRIPTION OF OPERATION 
(Refer to Logic Diagram) 


AMCC has developed the clock drivers using an ad- 
vanced BiCMOS process. This design has been opti- 
mized for minimum skew across all twenty outputs. 


For highest performance this approach requires a 
clock source input from a crystal-controlled oscillator 
(XCO) located adjacent to the clock driver. This 
oscillator can provide either differential ECL inputs 
(referenced to +5V, PECL) or TTL (CMOS) input levels 
to the clock driver. The input selection is accom- 
plished via the “Clock Sel’ input where a “HIGH” 
level activates the differential ECL input and a 
“LOW” activates the TTL input. This input clock will 
be fanned out to a toggle flip-flop or output flip-flops 
for synchronization, refer to Logic Diagrams. Using 
this methodology, the output duty cycle for the 1/2x 
outputs becomes largely a function of output driver 
slew rate into the AC load, and the duty cycle of the 
1x outputs is a functions of the input clock wave- 
shape and the output driver slew rate into the AC 
load. 


The RESET input is provided to hold off or clear the 
outputs aS may be required by the user’s system. 
This pin may be logically driven from a TTL output. 
Optionally, if a capacitor (4.7uF = ~100 ms) is con- 
nected between this pin and ground, the device will 
respond with a “power up reset’—a delay in the 
clock outputs becoming active. At the onset of 
RESET (low) the outputs will go low following four 
falling-edge clock inputs. At the expiration of RESET 
(high) outputs will resume, after four falling-edge 
clock inputs, from a high (leading edge) count origin 
(see Figure 5, Reset To Output Timing, in the Clock 
Driver Application Note). 
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20-OUTPUT LVTTL CLOCK DRIVERS 


The output drivers are rise and fall slew rate controlled 
to ~1.5V/ns to minimize noise and distortion resulting 
from simultaneous switching of the 20 outputs. These 
outputs also feature series termination to signifi- 
cantly reduce the overshoot and undershoot of 
non-terminated transmission lines. This will satisfy 
printed circuit line impedances of 50-75 Ohms 
terminated into 15 pF (two IC input package receiver 
pins). When applications require large load capaci- 
tance (>25pF with 50 Ohm P.C. board impedance) 
and/or large peak voltage amplitudes, two adjacent 
drivers may be paralleled, thereby halving the series 
resistance and doubling the peak current (see the 
Clock Driver Application Note for Spice models). 


Power and ground are interdigitated with the outputs. 
Of the 52 package pins, 22 are used for low impedance 
on-chip power distribution. Due to the simultaneously 
switching outputs, low impedance +Vcc and ground 
planes within the P.C. board are recommended, as 
well as substantial decoupling capacitance (see the 
Clock Driver Application Note for recommendations). 


The IC package and die layouts are tightly coupled 
to assure precise matching of all of the outputs. 
Collectively, the resistance, inductance, and capaci- 
tance of the package and wire bonding is managed 
to ensure that the clock driver will exhibit skews 
less than the specified maximum. A plastic 52-lead 
quad flat pack with .039" lead pitch is employed 
with an outer lead square footprint of approximately 
0.7" per side. | 
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Power Management 


The overall goal of managing the power dissipated by 
the clock driver is to limit its junction (die) temperature 
to 140°C. A major component of the power dissipated 
internally by the clock driver is determined by the load 
that each output drives and the frequency that each 
output is running. The “Output Power Dissipation” 
table summarizes these dependencies (see “AC Test/ 
Evaluation Circuit’, for complete load definition). 


The output power must be added to the core power 
(600 mW) of the clock driver to determine the total 
power being dissipated by the clock driver. This total 
power is then multiplied by the clock driver’s thermal 
resistance, with the result being added to the ambient 
temperature to determine the junction temperature of 
the clock driver. For greatest reliability, this junction 
temperature should not exceed 140°C. The thermal 
resistance for the clock driver is detailed in the 52-pin 
PQFP Thermal Dissipation vs. Airflow graph in the 
Package appendix at the end of this section. 


Output Power Dissipation 
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$C3306/08 


For example: An application utilizes a clock driver 
with 8 Fb outputs driving 10 pF loads at 66 MHz, 3 Fa 
outputs driving 5 pF loads at 33 MHz and 2 Fa out- 
puts driving 15 pF loads at 33 Mhz. Total chip power 
is calculated as follows: 


Core Power = 600 mW 
8 Fb, 10 pF, 66 MHz = (8 x 33 mW) = 264 mW 
2 Fb, no load, 66 MHz = (2 x 11 mW) =22 mW 
3 Fai, 5 pF, 33 MHz = (3 x 13 mW) = 39 mW 
2 Fat, no load, 33 MHz = (2 x 8 mW) = 16 mW 
2 Fa2, 15 pF, 33 MHz = (2 x 17 mW) = 34 mW 
3 Fa2, no load, 33 MHz = (3 x 8 mW) = 24 mW 


Total Power = 999 mW 


The design specifies a 70°C still air ambient. Refer- 
ring to the 52-pin PQFP Thermal Dissipation vs. Air- 
flow graph in the Package appendix, the Ojq for still 
air is 46.2°C/watt. The clock driver’s junction tem- 
perature would then be: 


70°C + (.999 watts x 46.2°C/watt) = 116°C 


Note this is below the 140°C maximum junction tem- 
perature. | 


62 mW 
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SC3306 Pinout _ 3% = '$C3308 Pinout 


52-1] CLK SEL 
40T-] TTL OSC 
52CT] CLK SEL 

40] TTL OSC 


O 


RESET CI41 39 (TJ PECL OSCP 
LT] PECL OSCN 


O 


RESET C1 39 [TI] PECL OSCP 
1} PECL OSCN 


Ordering Information | 


AMCC clock driver products are available in several output skew and shipping configurations. 
The order number is formed by a combination of: e Device Number 
¢ Package Type 
¢ Skew Option (if applicable) 
¢ Optional Shipping Configuration 


Optional Shipping Configuration 
Blank = 84-unit matrix tray 

/D = dry pack 

/TD = tape, reel and dry pack 


Skew Option 
Blank = 1.0 ns output-output skew 
— 1 = 500 ps output-output skew 


Package Option 
Q = 52-pin Plastic Quad Flat Pack (PQFP) 


Device Number 


Example: SC330XQ—1/D | 
52-pin PQFP package, 500 ps output-output skew, 
shipped dry packed in the standard matrix tray. 


ee ee 
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10 AND 14-OUTPUT LVTTL CLOCK DRIVERS $C3318/27/67/68 


FEATURES APPLICATIONS 
¢ Ten or fourteen clock outputs 

— Outputs operate at frequencies up to 80 MHz 

— Outputs grouped in two banks of five outputs 


e Datacom and Telecom networks 
e Compatible with PowerPC™ processors 


on SC3318 e PCI Bus clock distribution 
— Outputs grouped in a bank of three and a bank ° Workstation and server systems with 
of seven outputs on the SC3327 high clock fanout 
— Outputs grouped in a bank of six and a bank of ¢ Compatible with Intel’s Pentium™ and 
seven outputs with a single early output on the Pentium Pro™ processors 
SC3367 
— Outputs grouped in a bank of six and a bank of GENERAL DESCRIPTION 
eight outputs on the SC3368 The SC3318, SC3327, SC3367 and SC3368 are 
e Ail outputs are leading-edge synchronized minimum skew clock drivers with ten or fourteen out- 
to within <0.5 ns puts. They employ a clock input from a single-ended 
e¢ Proprietary output drivers with: TTL or an ECL differential source operating between 
— Complementary 24 mA peak outputs, +5V and ground. This reference frequency input is 
source and sink received and distributed to the clock output drivers. All 
— 50~75Q source series termination outputs are “clamped” to conform with JEDEC LVTTL 
— Dynamic drive adjustment to match load levels. 
conditions Applied Micro Circuits Corporation (AMCC) uses 
— Edge rates less than 1.5 ns proprietary complementary (source and sink) 24 mA 
© Output levels comply with JEDEC LVTTL peak output drivers. In addition to their drive capability, 
standard these circuits provide “source (series) termination” at 
e +5V Voc Supply the TTL outputs that minimize over/undershoot without 
° 28 SOIC package requiring on-board termination networks. They are 


designed for a maximum output slew rate of =1.5V/ns 
to minimize simultaneous output-switching noise and 
distortion. 


Minimizes the ground-bounce, overshoot, 
and ringing problems often encountered 
when using CMOS and Bipolar drivers 


$C3318 Logic Diagram 
There are no Fa outputs on the SC3318 


CLOCK SEL|_ ] 


+5V 
O— 
GND 
O— 
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$C331 8/27/67/68 | 10-OUTPUT LVTTL CLOCK DRIVERS 
$C3327 Logic Diagram 


There are no Fa outputs on the SC3327 


feo 


TTLOSC1 


ah [}—R> cb 
F/2 


£N 
ec ttp [lon | 
ki io 
——— 


TTLOSCO T | 
Wo} 


CLOCK SEL [J A> 


$C3367 Logic Diagram 


There are no Fa outputs on the SC3367 


TTLOSC1 


(Ma) HH ic FT 


+Vcc 


: 2 


RESET [}-+4R> 


TTLOSCO 
C)-O B16 


cLocK SEL [}—R> 
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| 10-OUTPUT LVTTL CLOCK DRIVERS $C3318/27/67/68 


$C3368 Logic Diagram 
There are no Fa outputs on the SC3368 


TTLOSC1 
1) p}-—> 
+VCC 
=. 


RESET [|] 


CLOCK SEL [] 


TTLOSCO 
CUO B16 
> 


$C3318/27/67/68 Product Selection Guide 


Output Frequency 
with Respect to Input Frequency 
Number of Number of 
Total Outputs | Outputs + 1 Outputs + 2 Special Features Package 


SC3327 10 3 7 pereciacle Sno oF 28 SOIC 
dual clock input. | 
SC3367 14 7 7 Selectable single or dual clock 28 SOIC 
input, 1 output early. 
SC3368 14 Selectable single or 28 SOIC 
dual clock input. 
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$C3318/27/67/68 


Absolute Maximum Ratings 


Storage Temperature ..................cccce -55° to +150°C 
Vcc Potential to Ground..................008 -0.5V to +7.0V 
INpUt Voltage ............ccccccssssseeeeeeeeeseeenees -0.5V to +Vcc 
Static Discharge Voltage ............ccccesccceeeeeees >1750V 
Maximum Junction Temperature .................. +140°C 
Latch-Up Current ..............ccccccecseeeessssseeseeeees >200 mA 
Operating Ambient Temperature ............ 0° to +70°C 


Electrical Characteristics 


Capacitance (package and die total) 


I DUE PANS see) caret aes d uss eeeeeened seve aeons 5.0 pF 


ARTS OUtoUt PINS outed theres icencetecs ence: 5.0 pF 


Voc = +5.0V + 5%, Ta = 0°C to + 70°C (reference “AC Test/Evaluation Circuit”) 


Parameter 


Input HIGH Voltage (PECL) 
Input HIGH Voltage (TTL) 
Input LOW Voltage (PECL) 
Input LOW Voltage (TTL) 


Input HIGH Current (PECL) 
CLKSEL 
RESET 
TTL 
| Vou _| 
ee eles ad 


Input LOW Current (PECL) 
CLKSEL 

RESET 

TTL 

Output HIGH Voltage 

Output LOW Voltage 
Output HIGH Short Ckt Current 


Output LOW Short Ckt Current 
PWR Static Core Power Dissipation 


< 


IN 


Vi 

Vit 

NH 

Ne 
Vou 
VoL 
i 


0.4V 


$C3318, 70°, Typ Pwr=340mW 


$C3327, 70°, Typ Pwr=290mW 
SC3367, 70°, Typ Pwr=250mW 
SC3368, 70°, Typ Pwr=250mW 


Maximum test duration, one second. 


1 
2. The $C3318/27/67/68 features source series termination of approximately 


40 Ohms to assist in matching 50-75 Ohm P.C. board environments. 


PECL Differential Input Voltage Range 


+Voc 


VIL 


ViH VIH 
INPUT DIFFERENTIAL >< Vip = 400mv 
V 

IL 


Vcc -2.0V 
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DC Characteristics 


The outputs have been designed specifically for 
clock distribution. In the development of this product, 
AMCC has made several trade-offs between the his- 
toric “high-drive, totem-pole outputs” and AMCC’s 
dynamically adjusting source series terminated out- 
puts. As a result of this, the output will dynamically 
source and sink a symmetrical 24 mA of current. Ina 
DC state, it exhibits the following specifications: 


[[eenattions [win [ Wax 
[Vou | lon=-2ma | 2tv | 
ve [ts=ama [| ov 
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AC Specifications—Using “AC Test/Evaluation Circuit” 
Voc = +5.0V + 5%, Ta = 0°C to 70°C, Cropp = 10pF 


Maximum Skew Across All Outputs 


Options: 


Delay of Fb from Fc outputs (CLKSEL = 1) 
[Tdly or Tcb] 


Delay of Fc from Fd outputs 
[Td] 


45° in. 459 Min. 459 
Maximum Output Duty Cycle Asymmetry ie as ie ae Max. oe 
Maximum TTL Input Frequency a a ee ae 
Maximum TTL Output Frequency ee ee ee 
| Maximum PECL Differential Input Frequency te eth ee 
Maximum Rising/Falling Edge Rate a ae a ee 


Notes: 
1. Skew is referenced to the rising edges of all outputs. 


2. Output Duty Cycle Asymmetry is defined as the duty cycle deviation from 50%, measured at 1.5V. Output Duty Cycle will also 
be affected by voltage and load (including the length of the PC trace). 


3. Typical skew derating factor for different loads is 50ps/pF at 1.5V threshold. For example, a 5pF load difference equals a 250 
ps skew difference. 


4. Edge rates are measured from 0.8V to 2.0V. Load consists of a 6" board trace (70 Ohm) with a 10 pF capacitive load. See 
“AC Test/Evaluation Circuit.” Synchronous outputs may be paralleled for high loads. 
5. Parameters guaranteed by design and characterization or tested. 


Threshold Crossing Characteristics 


50% + 10% 


CLOCK 
OUTPUT 
+1.5V 


1.5ns 1.5ns T fall 


NOTE: Trise and Tfall are “real load” dependent. The values indicated are for 6" of 
board trace (70 Ohm) with a 10 pF capacitive load. See the Clock Driver Application Note. 
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DESCRIPTION OF OPERATION 
(Refer to Logic Diagram) 


AMCC has developed ten and fourteen-output clock 
buffer drivers using AMCC’s advanced BiCMOS pro- 
cess. These designs have been optimized for mini- 
mum skew across all outputs. 


The clock source input for these devices may oper- 
ate between +5V and ground and can provide ei- 
ther differential ECL inputs (referenced to +5V, 
PECL) or single-ended TTL (CMOS) input levels to 
AMCC’s Clock Drivers. This selection is accom- 
plished by use of the.CLKSEL pin (on the SC3318), 
where logic LOW (or “float’) selects TTL and logic 
HIGH selects PECL. On the SC3327/67/68, CLKSEL 
chooses the source of the clock for the Fb outputs. 
When CLKSEL is low the TTLOSCO input drives the 
Fb outputs and when CLKSEL is high a divide-by- 
two version of the TTLOSC1 input drives the Fb out- 
puts. This input clock will be fanned out to translation 
amplifiers and output drivers, refer to the Logic Dia- 
grams. The output duty factor asymmetry becomes 
largely a function of the input clock waveshape and 
the output driver slew rate into the AC load. 


The RESET input is provided to hold off or clear the 
outputs, as may be required by the user’s system. 
This pin may be logically driven from a TTL output. 
Optionally, if a capacitor (4.7uF = ~100ms) is con- 
nected between this pin and ground, the device will 
respond with a “power up reset”—a delay in the 
clock outputs becoming active. At the onset of RE- 
SET (low) the outputs will go low following four fall- 
ing edge clock inputs (three falling edge clock inputs 
for the SC3327/67/68). At the expiration of RESET 
(high) the outputs will resume after four falling edge 
clock inputs (three falling edge clock inputs for the 
$C3327/67/68), from a high (leading edge) count ori- 
gin. The reset function is only operational when 
CLKSEL=1. 
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The output drivers are rise and fall slew rate con- 
trolled to ~1.5V/ns to minimize noise and distortion 
resulting from simultaneous switching of the outputs. 
These outputs also feature series termination (~40 
Ohms) to significantly reduce the overshoot and un- 
dershoot of non-terminated transmission lines. This 
will satisfy printed circuit line impedances of 50 to 75 
Ohms terminated into 15 pF (two IC input package 
receiver pins). When applications require large load 
capacitance (>25pF with 50 Ohm P.C. board imped- 
ance at higher frequencies) and/or large peak volt- 
age amplitudes, two adjacent drivers may be 
paralleled, thereby halving the series resistance 
and doubling the peak current (see the Clock 
Driver Application Note for spice models). 


Power and ground are interdigitated with the outputs. 
Of the 28 package pins, 10 are used for low impedance 
on-chip power distribution. Due to the simultaneous 
switching of outputs, low impedance +Vcc and ground 
planes within the P.C. board are recommended, as well 
as substantial decoupling capacitance (see the Clock 
Driver Application Note for recommendations). | 


The IC package and die layouts are tightly coupled 
to assure precise matching of all of the outputs. 
Collectively, the resistance, inductance, and capacitance 
of the package and wire bonding is managed to 
insure that the clock drivers will exhibit skews less 
than the specified maximum. A plastic 28-lead 
small outline package with .050" lead pitch is em- 
ployed with an outer lead rectangular footprint of 
approximately 0.7" by 0.4". | 
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AC Test/Evaluation Circuit 


Vec = +5.0V 


10 10 10 10 10 
VQO;FOOUTAVIQOOIQOOVIO O 


- + ~6 INCHES of 70 OHM P.C.B. +» 


NOTES: All inductance is in nH. Capacitance is in pF. 
At frequencies above 50 MHz, a single point load destination is recommended. 


$C3327 Application Examples 


Example 1. Example 2. 
Low Skew, Single Reference Frequency Mode Dual Reference Frequency Mode, Asynchronous 


Three outputs at the primary frequency and seven Three outputs at the primary frequency and 
outputs at half the primary frequency; each group seven outputs at the secondary frequency with 
internally synchronized. The 33 MHz outputs are =1 ns internal delay at the F, outputs. 

delayed from the 66 MHz outputs by ~=1 ns. 


TTLOSC1 Fo TTLOSC1 Fo 


SC3327 $C3327 


TTLOSCO 


33 MHz with Fp 
=1Ins delay 
from 66 MHz 


CLKSEL = 1 CLKSEL = 0 
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$C3367 Application Examples 


Example 1. | 
Low Skew, Single Reference Frequency Mode 


Seven outputs at the primary frequency and 
seven outputs at half the primary frequency; each 
group internally synchronized. The 33 MHz out- 
puts are delayed from the 66 MHz outputs by 
=500 ps. Fy will lead F, by ~6 ns. 


66 MHz, 
leads Fo by ~6ns 


TTLOSC1 
66 MHz 


SC3367 


33 MHz with 
=500ps delay 
from F, 


CLKSEL = 1 


Example 3. 
Single Reference Frequency Mode, Synchronous 


Thirteen outputs will follow the input reference with 
a maximum skew of 500 ps across ail outputs. Fy 
will lead F, by ~6 ns. 


66 MHz, 


Fg leads Fc by ~6ns 


TTLOSC1 


SC3367 


TTLOSC2 


Fh 


CLKSEL = 0 
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Example 2. | 
Dual Reference Frequency Mode, Asynchronous 


Seven outputs at the primary frequency and 
eight outputs at the secondary frequency. Fg will 
lead F, by ~6 ns. 


50 MHz, leads Fe 
by ~6ns 


50 MHz 
SC3367 


TTLOSCO 


CLKSEL = 0 
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$C3368 Application Examples 


Example 1. 
Low Skew, Single Reference Frequency Mode 


Six outputs at the primary frequency and eight 
outputs at half the primary frequency; each group 
internally synchronized. The 33 MHz outputs are 
delayed from the 66 MHz outputs by ~500 ps. 


TTLOSC1 = Fy 


SC3368 


33 MHz with 
=500ps delay 
from 66 MHz 


CLKSEL = 1 


Example 3. 
Single Reference Frequency Mode, Synchronous 


All fourteen outputs will follow the input reference 
with a maximum skew of 500 ps across all outputs. 


TTLOSC1 


SC3368 


TTLOSC2 
Fp 


CLKSEL = 0 
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Example 2. 
Dual Reference Frequency Mode, Asynchronous 


Six outputs at the primary frequency and eight 
outputs at the secondary frequency. 


TTLOSC1 = Fy 


SC3368 


TTLOSCO 
Fh 


CLKSEL = 0 
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Power Management 


The overall goal of managing the power dissipated by 
the clock driver is to limit its junction (die) temperature 
to 140°C. A major component of the power dissipated 
internally by the clock driver is determined by the load 
that each output drives and the frequency that each 
output is running. The “Output Power Dissipation” 
table summarizes these dependencies (see “AC Test/ 
Evaluation Circuit’, for complete load definition). 


The output power must be added to the core power 
(550 mW) of the clock driver to determine the total 
power being dissipated by the clock driver. This total 
power is then multiplied by the clock driver’s thermal 
resistance, with the result being added to the ambient 
temperature to determine the junction temperature of 
the clock driver. For greatest reliability, this junction 
temperature should not exceed 140°C. The thermal 
resistance for the clock driver is detailed in the 28-pin 
SOIC Thermal Dissipation vs. Airflow graph in the 
Package appendix at the end of this section. 


Output Power Dissipation 


80 MHz 
66 MHz 
50 MHz 
40 MHz 
33 MHz 
25 MHz 11 mW 
20 MHz 


27 mW 
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FREQUENCY 
13 mW 
| a7mw | a3mw | a9mw_ mw tt mw 
9 mW 
smW | 


10-OUTPUT LVTTL CLOCK DRIVERS 


For example: An application utilizes an clock driver 
with 8 outputs driving 10 pF loads at 66 MHz. Total 
chip power is calculated as follows: 


Core Power (SC3318) = 550 mW 


8 outputs, 10 pF, 66 MHz = (8 x 33 mW) = 264 mW 
2 outputs, no load, 66 MHz = (2x 11 mW) = 22 mW 


Total Power = 836 mW 


The design specifies a 70°C still air ambient. Refer- 
ring to the 28-pin SOIC Thermal Dissipation vs. 
Airflow graph in the Package appendix, the Ojq for 
still air is 57.7°C/watt. The clock driver's junction 
temperature would then be: 


70°C + (0.836 watts x 57.7°C/watt) = 118°C 


Note this is below the 140°C maximum junction 
temperature. 


10 mW 
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$C3318 Pinout 


GND 

FC3 

VCC 

FC4 
PECLOSCN 
PECLOSCP 
TTLOSC 
CLKSEL 
RESET 
GND 

FB4 

GND 

FB3 

VCC 


GND 
FB4 

FB5 
VCC 
TTLOSC1 
FB6 

FDO 
CLKSEL 
RESET 
GND 
FCO 
VCC 
FCI 
FC2 


$C3327 Pinout 


GND 

FB2 

VCC 

FB3 

N/C 

N/C 
TTLOSC1 
CLKSEL 


GND 
FB6 
GND 
FB5 
VCC 


GND 
FB4 

FBS 
VCC 
TTLOSC1 
FB6 

FB7 
CLKSEL 
RESET 
GND 
FCO 
VCC 
FC1 

FC2 


FB1 
VCC 
FBO 
GND 
FCO 
N/C 
TTLOSCO 
N/C 
VCC 
FC1 
VCC 
FC2 
GND 
FB4 


FB3 
FB2 
VCC 
FB1 
GND 
FBO 
TTLOSCO 
GND 
VCC 
FCS 
VCC 
FC4 


| FC3 


GND 
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Ordering Information 


AMCC clock driver products are available in several output skew and shipping configurations. 
The order number is formed by a combination of: e Device Number 

e Package Type 

¢ Skew Option (if applicable) 

¢ Optional Shipping Configuration 


Optional Shipping Configuration 
Blank = 25-unit tube 

/D = dry pack 

/T = tape, reel and dry pack 


Skew Option 
Blank = standard output-output skew 
— 1 = 500 ps output-output skew 


Package Option 
S = 28-pin Small Outline Integrated Circuit (SOIC) 


Device Number 


Example: SC33XXS-—1/D 
28-pin SOIC package, 500 ps output-output skew, 
shipped dry packed in the standard tube. 
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DEVICE SPECIFICATION 


S3LV306/08/18/68 


10, 14 AND 20-OUTPUT LVTTL CLOCK DRIVERS 


FEATURES 


e¢ Ten, fourteen or twenty clock outputs: 


— Outputs operate at primary frequency up to 
100 MHz 


— Outputs grouped into four banks of five 
outputs on the S3LV306/08 


— Outputs grouped into two banks of five outputs 
on the S3LV318 


— Outputs grouped into one bank of six outputs 
and one bank of eight outputs on the S3LV368 


All outputs are leading edge synchronized 
to within 350ps 


Proprietary output drivers with: 

— Complementary 24 mA peak outputs, 
source and sink 

— 50-—75Q source series termination 

— Dynamic drive adjustment to match load 
conditions 

— Edge rates less than 1.5 ns 

¢ Output levels comply with JEDEC LVTTL 
standard 

© +3.3V Vcc 

¢ Minimizes the ground-bounce, overshoot, 


and ringing problems often encountered 
when using CMOS and Bipolar drivers 


S$3LV306 Logic Diagram 


RESET 3 


On Seer TFF 


CLOCK SEL = 


be 
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APPLICATIONS 


¢ Compatible with Intel’s Pentium™ and 
Pentium Pro™ processors, and PowerPC 
processors 


e PCI Bus clock distribution 


e Workstation and server systems with 
high clock fanout 


e Datacom and Telecom networks 


GENERAL DESCRIPTION 


The S3LV306, S3LV308, S3LV318, and S3LV368 
are precision low skew clock drivers with 10, 14, or 20 
outputs. They employ a clock input from a single- 
ended TTL or an ECL differential source operating 
between +3.3V and ground (PECL). This reference 
frequency input is received and distributed to sym- 
metrical, divide-by-two, master-slave flip-flops. The 
resultant output is distributed to the clock output driv- 
ers. All outputs conform with JEDEC LVTTL levels. 


The 20 outputs are divided into groups: some groups 
operate at the primary frequency, equal to the input; 
some groups may operate at one half of the primary 
input frequency. 


Applied Micro Circuits Corporation (AMCC) uses 
proprietary complementary (Source and sink) 24 
mA peak output drivers. In addition to their drive 
Capability, these circuits provide “source (series) 
termination” at the TTL outputs that minimize over/ 
undershoot without requiring on-board termination 
networks. They are designed for a maximum output 
slew rate of =1.5V/ns to minimize simultaneous out- 
put-switching noise and distortion. 


7 ace 


MATCHING lt 
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S$3LV308 Logic Diagram 


RESET ] 


$3LV318 Logic Diagram 
There are no Fa outputs on the S3LV318 


Soe 


RESET e 


CLOCK SEL[~ 


$3LV368 Logic Diagram 
There are no Fa outputs on the S3LV368 


TTLOSC1 


(Ma) te 5 


Reser (1 A> 


TTLOSCO 
C)-o—B> 1} 
> | 


CLOCK SEL [_] 
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Absolute Maximum Ratings 


Storage Temperature .......... eee -55° to +150°C 
Voc Potential to Ground..................... -0.5V to +4.6V 
Input Voltage .......... eee eecceeeseeeees -0.5V to +Vcc +0.5 
Static Discharge Voltage .............:::::seeeeeeeeeees >1750V 
Maximum Junction Temperature ................... +140°C 
Latch-Up Current ..............cccccsssececesseeeeeneenees >200 mA 
Operating Ambient Temperature ............ 0° to +70°C 


Electrical Characteristics 


$3LV306/08/18/68 


Capacitance (package and die total) 


TOUE PANS ects cis cudcdocdeheteeccedesteteenesreees see 5.0 pF 
TTG-OUIPUY PINS: cancion cue coeteicctemoetargetessseens 5.0 pF 


Voc = 3.3V +0.3V, T, = 0°C to + 70°C (reference “AC Test/Evaluation Circuit”) 


| Parameter |_—Conditions 
Input HIGH Voltage (PECL) Differential Source—PECL 


S3LV306, 70°C, Typ Pwr 275 mW 
S3LV308, 70°C, Typ Pwr 275 mW 
$3LV318, 70°C, Typ Pwr 275 mW 
S3LV368, 70°C, Typ Pwr 250 mW 


1. Maximum test duration, one second. 


2. The S3LV306/08/18/68 features source series termination of approximately 


40 Ohms to assist in matching 50-75 Ohm P.C. board environments. 


PECL Differential input Voltage Range 


+Voc 


VIH VIH 
INPUT DIFFERENTIAL >< Vip = 400mv 


VIL 


VIL 
Voc -2.0V 
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DC Characteristics 


The outputs have been designed specifically for 
clock distribution. In the development of this product, 
AMCC has made several trade-offs between the 
historic “high-drive, totem-pole outputs” and AMCC’s 
dynamically adjusting source series terminated outputs. 
As a result of this, the outputs will dynamically 
source and sink a symmetrical 24 mA of current. In 
a DC state, it exhibits the following specifications: 


ee ee 
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AC Specifications—Using “AC Test/Evaluation Circuit” 
Veco = 3.3V + 0.3V, Ta = 0°C to +70°C, Croan = 10pF 


Maximum Skew Across Fb and Fc Outputs, 
CLKSEL=0 


Maximum Skew within an Output Group 


Maximum Skew Across All Outputs 


<a 
Options: Standard 


za ue te) et 

Delay of Fb from Fc outputs (CLKSEL = 1) nee i 
aie Max. 1.0 ns 
ae ee ee 


Maximum TTL put Frequency p00 
Maximum TTL Ouput Frequency YO 
Maximum PECL Diferental Input Frequency | _100 
[Maximum Fisng/Faling Eage Rate dt 


Notes: 

1. Skew is referenced to the rising edges of all outputs. 

2. Output asymmetry applies to 1X and 1/2X outputs. 

3. Asymmetry is defined as the deviation from a 50% duty cycle measured at 1.5V. Asymmetry will be affected by 
voltage, temperature, and load (including the length of the PC trace). 


4. Typical skew derating factor for different loads is 50ps/pF at 1.5V threshold. For example, a 5pF load difference 
equals a 250 ps skew difference. 


5. Edge rates are measured from 0.8V to 2.0V. Load consists of a 6" board trace (70 Ohm) with a 10 pF capacitive 
load. See “AC Test/Evaluation Circuit.” Synchronous outputs may be paralleled for higher loads. 


6. Parameters guaranteed by design and characterization or tested. 


[10 [100 | 00 
[100 [100100 
a 


Threshold Crossing Characteristics 


50% + 10% 


INPUTS 


50% +1 ns 


CLOCK 
OUTPUT +2.0V 
+1.5V 
+0.8V 


T rise 1.5ns 1.5ns T fall 


NOTE: Trise and Tfall are “real load” dependent. The values indicated are for 6" of board 
trace (70 Ohm) with a 10 pF capacitive load. See the Clock Driver Application Note. 


Applied Micro Circuits Corporation 


6195 Lusk Blvd., San Diego, CA 92121 © (619) 450-9333 


AMCG 


$3LV306/08/18/68 


10, 14 AND 20-OUTPUT LVTTL CLOCK DRIVERS 


DESCRIPTION OF OPERATION 
(Refer to Logic Diagram) 


AMCC has developed a twenty-output fan-out device 
using an advanced BiCMOS process. This design 
has been optimized for clock symmetry and absolute 
minimum skew across all twenty outputs. Two har- 
monic clock frequency groups are provided. 


For highest performance this approach requires a 
clock source input from a crystal-controlled oscillator 
(XCO) located adjacent to the clock drivers 
(S3LV306/08/18). This oscillator can provide either 
differential ECL inputs (referenced to +3.3V, PECL) or 
TTL (CMOS) input levels to the clock driver. The input 
selection is accomplished via the “Clock Sel” input 
where a “HIGH” level activates the differential ECL 
input and a “LOW” activates the TTL input. This input 
clock will be fanned out to a toggle flip-flop and/or to 
output flip-flops for synchronization. (Refer to the 
Logic Diagrams.) Using this methodology, the output 
duty cycle for the F/2 groups becomes largely a func- 
tion of output driver slew rate into the AC load, and for 
F groups is determined by the input clock waveshape 
and the output driver slew rate into the AC load. 


The clock source for the S83LV368 can be one or two 
TTL (CMOS) input clocks. This selection is accom- 
plished by use of the CLKSEL pin, where logic LOW 
selects the dual reference frequency mode, and 
logic HIGH selects the single reference frequency 
mode (refer to the Application Examples). 


The RESET input is provided to hold off or clear the 
outputs as may be required by the user’s system. 
This pin may be logically driven from a TTL output. 
At the onset of RESET (low) the outputs will go low 
following four falling-edge clock inputs. At the expira- 
tion of RESET (high) outputs will resume, after four 
falling-edge clock inputs, from a high (leading edge) 
count origin (see Figure 5, Reset To Output Timing, 
in the Clock Driver Application Note). 


$3LV306/08/18/68 Product Selection Guide 
Output Frequency 
with Respect to Input Frequency 
Total Number of Number of 
Outputs | Outputs + 1 Outputs + 2 _ Special Features Package 


S3LV306 


20 
10 
14 


[0 
Psaie | 10 
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The output drivers are rise and fall slew rate controlled 
to ~1.5V/ns to minimize noise and distortion resulting 
from simultaneous switching of the 20 outputs. These 
outputs also feature series termination to signifi- 
cantly reduce the overshoot and undershoot of 
non-terminated transmission lines. This will satisfy 
printed circuit line impedances of 50-75 Ohms 
terminated into 15 pF (two IC input package receiver 
pins). When applications require large load capaci- 
tance (>25pF with 50 Ohm P.C. board impedance) 
and/or large peak voltage amplitudes, two adjacent 
drivers may be paralleled, thereby halving the series 
resistance and doubling the peak current (see the 
Clock Driver Application Note for Spice models). 


Power and ground are interdigitated with the outputs. 
Of the 52 package pins, 22 are used for low impedance 
on-chip power distribution. Due to the simultaneously 
switching outputs, low impedance +Vcc and ground 
planes within the P.C. board are recommended, as well 
as substantial decoupling capacitance (see the Clock 
Driver Application Note #1 for recommendations). 


The IC package and die layouts are tightly coupled 
to assure precise matching of all of the outputs. 
Collectively, the resistance, inductance, and capaci- 
tance of the package and wire bonding is managed 
to insure that the clock drivers will exhibit skews 
less than the specified maximum. A plastic 52-lead 
quad flat pack with .039" lead pitch is employed 
with an outer lead square footprint of approximately 
0.7" per side. 


Selectable single or dual | 28soic | 
clock input. 
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S3LV368 Application Examples 


Example 1. 
Low Skew, Single Reference Frequency Mode 


Six outputs at the primary frequency and eight 
outputs at half the primary frequency; each group 
internally synchronized. The 33 MHz outputs are 
delayed from the 66 MHz outputs by =0.5ns. 


TTLOSC1 


S3LV368 


33 MHz with 
=Q.5ns delay 
from 66 MHz 


CLKSEL = 1 


Example 3. 
Single Reference Frequency Mode, Synchronous 


All fourteen outputs will follow the input reference 
with a maximum skew of 350 ps across all outputs. 


TTLOSC1—s FF, 


S3LV368 


TTLOSC2 


Fh 


CLKSEL = 0 


10, 14 AND 20-OUTPUT LVTTL CLOCK DRIVERS 


Example 2. 
Dual Reference Frequency Mode, Asynchronous 


Six outputs at the primary frequency and eight 
outputs at the secondary frequency. 


S3LV368 


TTLOSCO 


CLKSEL = 0 
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10, 14 AND 20-OUTPUT LVTTL CLOCK DRIVERS 


Power Management 


The overall goal of managing the power dissipated 
by the clock driver is to limit its junction (die) tempera- 
ture to 140°C. A major component of the power 
dissipated internally by the clock driver is determined 
by the load that each output drives and the fre- 
quency that each output is running. The “Output 
Power Dissipation” table summarizes these depen- 
dencies (see “AC Test/Evaluation Circuit’, for com- 
plete load definition). 


The output power must be added to the core power 
(450 mW) of the clock driver to determine the total 
power being dissipated by the clock driver. This total 
power is then multiplied by the clock driver’s thermal 
resistance, with the result being added to the ambient 
temperature to determine the junction temperature of 
the clock driver. For greatest reliability, this junction 
temperature should not exceed 140°C. The thermal 
resistance for the clock driver is detailed in the 52- 
pin PQFP Thermal Dissipation vs. Airflow graph in 
the Package appendix at the end of this section. 


Output Power Dissipation 


100 MHz 
80 MHz 
66 MHz 
50 MHz 
40 MHz 
33 MHz 
25 MHz 
20 MHz 
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FREQUENCY CLoap=5pF CLoap=10pF CLoap=15pF CLoap=25pF NO LOAD 


For example: An application utilizes an clock driver 
with 8 Fb outputs driving 10 pF loads at 66 MHz, 3 
Fa outputs driving 5 pF loads at 33 MHz and 2 Fa 
outputs driving 15 pF loads at 33 Mhz. Total chip 
power is calculated as follows: 


Core Power (S3LV306) 


8 Fb, 10 pF, 66 MHz = (8 x 33 mW) 
2 Fb, no load, 66 MHz = (2 x 11 mW) = 22 mW 


= 450 mW 


3 Fai, 5 pF, 33 MHz = (3 x 13 mW) = 39 mW 
2 Fai, no load, 33 MHz = (2 x 8 mW) = 16 mW 
2 Fa2, 15 pF, 33 MHz = (2 x 17 mW) = 34 mW 
3 Fa2, no load, 33 MHz = (3 x 8 mW) = 24 mW 


Total Power = 961 mW 


The design specifies a 70°C still air ambient. Refer- 
ring to the 52-pin PQFP Thermal Dissipation vs. Air- 
flow graph in the Package appendix, the Ojg for still 
air is 46.2°C/watt. The clock driver’s junction 
temperature would then be: 


70°C + (.961 watts x 46.2°C/watt) = 114°C 


Note this is below the 140°C maximum junction 
temperature. 
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AC Test/Evaluation Circuit 


Vcc = +3.3V 


10 10 10 10 10 10 
([] JY fase TOTO OTOOTOOTOOTO O 
C) 


= +—__ ~6 INCHES of 70 OHM P.C.B. | 


NOTES: All inductance is innH. Capacitance is in pF. 
At frequencies above 50 MHz, a single point load destination is recommended. 


| Applied Micro Circuits Corporation 
Page 5-10 6195 Lusk Blvd., San Diego, CA 92121 © (619) 450-9333 


S$3LV318 Pinout 


GND 

FC3 

vcc 

FC4 
PECLOSCN 


PECLOSCP 
TTLOSC 


CLKSEL 
RESET 
GND 
FB4 
GND 
FB3 
Were 
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O 


RESET CI} 1 


S3LV368 Pinout 


GND 
FB4 

FB5 
VCC 
TTLOSC1 
FB6 

FB7 
CLKSEL 
RESET 
GND 
FCO 
VCC 
FC1 
FC2 


52C-T] CLK SEL 


“a 
o 
— 
= 
2 
Oo 


FB3 
FB2 
VCC 
FB1 
GND 
FBO 
TTLOSCO 
GND 
VCC 
FCS 
VCC 
FC4 
FC3 
GND 
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Ordering Information 


AMCC clock driver products are available in several output skew and shipping configurations. 
The order number is formed by a combination of: e Device Number 

¢ Package Type 

¢ Skew Option (if applicable) 

¢ Optional Shipping Configuration 


S3LV3XX 


Optional Shipping Configuration 

Blank = 84-unit matrix tray (for 52 PQFP) 
25-unit tube (for 28 SOIC) 

/D = dry pack 

/TD = tape, reel and dry pack 


Skew Option 
~ 1 = 350 ps output-output skew 


Package Option 
Q = 52-pin Plastic Quad Flat Pack (PQFP) 
S = 28-pin Small Outline Integrated Circuit (SOIC) 


Device Number 


: S3LV3XXQ—1/D 
52-pin PQFP package, 500 ps output-output skew, 
shipped dry packed in the standard matrix tray. 


Example 
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CLOCK DRIVER APPLICATION NOTE 


The SC35XX Family of Clock Drivers have been 
designed to provide single chip solutions which ease 
clock distribution for TTL/CMOS 1/O compatible 
microprocessor based systems. 


All products have a generous supply (10 or 20) of 
the various derived frequency outputs to avoid over- 
loading any one output. The outputs may also be 
used in parallel for driving particularly heavy loads. 
The availability of numerous clock outputs reduces 
the need to “daisy chain” or “branch” loads. The end 
benefit to the user is reduced clock skew with a high 
quality received wave form. By virtue of this single 
chip providing clock shape, clock edge alignment 
and clock fanout, the system designer’s task is re- 
duced to providing load balance and careful PC 
board layout. 


The “Appnote” describes and discusses: 
e Frequency Sources 
e Skew Management 
¢ Clock Waveform Signal! Integrity 
e Chip Power Estimations 
¢ High Capacitance Loads 
¢ Output Symmetry Compensation 
e Reset Control and Timing 


e Use of Multiple Clock Chips in a System- 
Primary and Secondary Distribution 


FREQUENCY SOURCE 


It is suggested that the basic Frequency Source be a 
low cost crystal-controlled oscillator (XCO). Fre- 
quency tolerance and stability are offered from 
0.05% (500PPM) to 0.001% (10PPM), with 0.01% 
(100PPM) being readily available at competitive 
prices. These crystal oscillators should be accept- 
able over most operating temperature ranges. Only 
with large temperature fluctuations during operation 
would the higher priced temperature compensated 
crystal oscillator (TCXO) be suggested. TTL output 
devices are available up to 100 MHz with ECL out- 
put devices spanning the entire range of interest, 
from 30 to 200 MHz. 
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An appended list of domestic sources for these oscil- 
lators, including phone numbers is provided. While 
this list is not all inclusive, it will provide an initial 
reference (See Appendix A). 


NOTE: The SC35XX PECL (Positive 5 -Volt ECL) 
Inputs are designed to interface with an ECL output 
oscillator operating at ground to +5.0 Volts. The 
oscillators complementary emitter follower outputs 
may be “self-terminated” within the package by 200 
to 500 Ohm pull down resistors to ground (-Vee) or 
they may be terminated discretely via resistors on 
the PC board. The oscillator should be placed close 
(<3") to the SC35XX driver. 


CLOCK SKEW MANAGEMENT 


The SC35XX has been designed to reduce the sys- 
tem level Clock Skew Management task to two basic 
design issues. 


1) Balancing clock trace delays 


Balancing clock trace delays requires the use of 
equal lengths of microstrip and stripline traces on 
each clock line 


“Microstrip,” which is a single surface conductor over 
a distributed ground or power plane, has a nominal 
propagation delay of approximately 150 pS per inch 
(see Figure 1). 


“Stripline,” which is a buried conductor sandwiched 
between two ground or power planes, has a nominal 
propagation delay of approximately 200 pS per inch. 


To match clock trace lengths, when the receiving 
devices are differing “Manhattan” distances from the 
SC35XX drive, the PC trace must be lengthened to 
the closer loads. This can be accomplished by form- 
ing a “serpentine” path (Figure 2). 


2) Matching the end-of-line load capacitance 


Variations in the end-of-line lumped-load capacitance 
will increase or decrease the clock signal’s rise and 
fall time. These changes will be approximately 0.5 ns 
per 10 pF over the range of 10 to 40 pF. Be sure to 
verify the receiving input package capacitance of all 
clock receptors. Typically, plastic flat packs have the 
lowest input pin capacitance and ceramic pin grid ar- 
rays (PGAs) have the highest. PGAs also have the 
disadvantage that their plated thru holes can add sig- 
nificant capacitance (up to 10 pF or more). This 
should be checked with a capacitance meter. 
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CLOCK DRIVER APPLICATION NOTE 
Figure 1 


Microstrip 


Stripline 


CLOCK WAVEFORM SIGNAL INTEGRITY 


Clock waveform signal integrity refers to the control 
of noise margin and receiver threshold crossing dis- 
tortions. DC margins for TTL I/O levels are often 
secondary when operating frequencies exceed 25 
MHz. This is due to the overriding effects of “over- 
shoot/undershoot” (i.e., ringing) or poorly terminated 
transmission lines causing reflections on the clock 
traces. 


The effect of these reflections can be the presence 
of half or partial amplitude steps in the clock wave- 
form appearing at intermediate “branched” or “daisy 
chained” load points. These partial amplitude steps 
Can cause spurious triggering at these intermediate 
load points. 


The TTL/CMOS clock output driver must provide a 
reasonably square voltage waveform from +0.5 to 
+3.5 Volts, as a minimum. Unfortunately, you must 
distribute this clock over a printed copper trace with 
variable inductance, capacitance and length, which 
may exhibit characteristic line impedance (Zo) any- 
where from 50 to 200 Ohms. Add to this the variable 
of receiver(s) load capacitance and notice that the 
50% duty cycle square wave that you started with 
has become distorted with ringing and undershoot. 
You should be aware that undershoot below about 
-1.0 Volt can draw substrate bias current at the re- 
ceivers causing transient errors. 


This leads to a need for controlled impedance clock 
traces with good termination. This is especially true 
when device clock frequencies are greater than 30 
MHz while the high and low times of critical minimum 
widths and voltage levels are specified. 


Page 5-14 


Figure 2 


Serpentine Wiring For Equal 
Length Clock Traces 


SC35XX 


Figure 3 
Transmission Line “Termination” 
Rt = <Zo 
DC SOURCE SERIES 
C load <D 
DC PARALLEL LOAD 


Termination is needed on lines that exhibit ringing 
and signal distortion. The ringing and distortion are 
caused by mismatched clock driver output imped- 
ance, line impedance, and load input impedance. 
The termination is used to match the line impedance 
to the driver or load impedance. 


Several methods of line termination are available 
(refer to Transmission Line “Termination,” Figure 3): 
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A. DC parallel load termination is generally a 
Thevenin equivalent resistor pair across the +5 Volts 
and ground buses with the mid point tied to the end 
of each clock line. While the signal integrity results 
are good, the large power consumption, due to the 
large voltage applied to the low end of line resis- 
tance make this scheme a poor choice. 


B. AC parallel load termination can be effective to 
“tune” each load network with a selected parallel re- 
sistor-capacitor pair at the end of each clock line to 
ground. If the load capacitance or line length varies 
appreciably, so must the R-C termination pair. As 
with any of the parallel termination schemes, you 
must provide external trace and component mount- 
ing locations at the end of every clock line. AC 
power dissipation is quite high using this method. 


C. DC source series termination can be incorpo- 
rated within the clock driver output, thereby eliminat- 
ing the need for external components. Clock loads 
may only be placed at the end of the line. This series 
termination reduces the power dissipation. 


NOTE: Use of any of the parallel or termination 
methods precludes the use of branch or “Y” wiring 
within the clock fanouts due to impedance splitting. 


The following table compares these three described 
termination schemes. 


DC AC 
PARALLEL | PARALLEL 


TUNING AT LOADS /no—-'| ~PossiBLE| NO 


DAISEY CHAIN PENALTY | PENALTY 
LOAD CLUSTER AT END DESIRED DESIRED 


The SC35XX helps the designer manage these clock 
termination in two ways. First, with a generous num- 
ber of clock outputs (10 or 20) available, “daisy 
chained” or “branched” connected receivers can be 
avoided. Secondly, the source termination within the 
SC35XX output drivers is provided to terminate a 
lumped-load capacitance at the end of a 60—100 
Ohm transmission line, without the addition of any 
discrete termination circuits. 


While 100 Ohm traces are preferred, characteristic 
line impedances of 50 or 75 Ohms, may be neces- 
sary at an increase of power in the SC35XX’s output 
drivers. These lower impedance PC board traces are 
generally dictated by manufacturing issues 
accompanying multiple signal, power, and ground 
layers in the PC board fabrication. 
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CLOCK DRIVER APPLICATION NOTE 


Figure 4 


End of Line Load Clustering L1 
Or L2 <2" L4 


| Le. 


Remember that TTL type signal amplitudes, in the 
2.5 to 4.0 Volt peak range, dissipate considerable 
AC (CVF) power. This AC power, coupled with the 
fact that the transmission line capacitance is at least 
twice as great at Zo=50 Ohms compared to Zo=100 
Ohms, strongly suggests that the characteristic trace 
impedance of high frequency clock lines should be 
selected at 70 Ohms or above to reduce the clock 
distribution power. See Appendix B for equations. 


NOTE: For series terminated lines, a maximum of 
two loads may be driven if the stub lengths are less 
than two inches in length. The capacitance of each 
pin is additive. See Figure 4. 


SC35XX POWER DISSIPATION 


With output frequencies above 50 MHz, the 
SC35XX’s loading must be “managed” to limit its 
power dissipation to less than 1 Watt. This can be 
accomplished by minimizing the loading on each 
clock output or by connecting fewer of the clock out- 
puts. In this case unused outputs still dissipate a mini- 
mum of power, which must be added into the total. 


The SC35XX product data sheets detail all neces- 
sary power dissipation calculations. 


NOTE: The capacitance of 70 Ohm transmission 
line is approximately 1.5 times that of 100 Ohm line 
for effective lengths up to one rise time or ~10 
inches and, as mentioned above, with Zo=50 Ohms 
the capacitance is twice that of Zo=100 Ohms. The 
additional effective output load capacitance is ap- 
proximately 8 pF for 70 Ohms at 10 inches as com- 
pared to 100 Ohms. See Appendix B for equations. 
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CLOCK DRIVER APPLICATION NOTE 
CAPACITIVE LOADS 


Capacitive loads consist of four contributors: 


e The “load” package itself, where a plastic flat 
pack may exhibit 4—8 pF loads, while a ceramic 
pin grid array may represent 8-15 pF loads. 


e Plug in sockets can add 5—10 pF. 


e Plated-through-holes and vias, in a dense 
multiplayer PC board may add as much as 
5-15 pF. 


e PC board trace impedance (as reviewed above) 


AMCC strongly recommends that the user “balance” 
his loads. This will help to minimize skew at the vari- 
ous loads (the larger a load is, the slower the rise 
time of the clock). Where the user is not able to 
balance his loads, the skew will typically be derated 
at 50 ps/pF at the 1.5V threshold. (Example — one 
load is 5 pF heavier than all other loads — that load’s 
clock will cross the 1.5V threshold 250 ps later than 
the others). A compensatory shortening of the higher 
capacitance load traces may be considered. 


In addition to presenting capacitive loads, some mi- 
croprocessors and co-processors require minimum 
peak clock amplitudes of 3.5 Volts or greater along 
with a minimum dwell time at a specified voltage 
level. 


While each output driver of the SC35XX has been 
designed to handle a wide frequency-voltage-load 
range, they have also been designed to allow the 
parallel application of two (or more) adjacent drivers 
to a common load. By connecting two adjacent driv- 
ers to a common load, such as a microprocessor or 
co-processor, the user reduces the effective output 
series termination by half, while doubling the AC and 
static output current that can be supplied to that 
load. 


Figure 5. Reset to Output Timing 


RESET CONTROL 


The reset control input is clocked into a 3 stage shift 
register in each driver to ensure that the asynchro- 
nous RESET input is synchronized to the input clock. 


The outputs resume toggling when RESET is 
deasserted. On the fourth or fifth falling clock edge 
after the deassertion of RESET, the outputs begin 
operating in a synchronous fashion. 


When RESET is asserted, the internal counter is al- 
lowed to continue counting until each of its outputs is 
in the low state. At that point all the driver outputs 
will be in the low state, and they will be held low until 
RESET is deasserted. Since RESET may be as- 
serted when the internal counter is in any state, 
there will be a delay of 0 to 7 clocks plus the 3 clock 
shift register before all the outputs will be disabled. 


The designer may choose to use a simple “power 
on” reset function by using an external capacitor 
connected between the RESET pin and ground. 
When power is applied, the clock driver will be held 
in the disabled state until the capacitor is charged 
through the pull-up resistor on the RESET input. 


NOTE: The above reset timing control applies to 
SC3500, SC3506, SC3507, SC3508, SC3517, 
SC3518, SC3528 and SC3529. If multiple outputs of 
SC35XX are to be reset resynchronized by a 
common RESET input to all, set up and hold time 
of RESET with respect to the input clock of 3 ns 
must be accommodated. | | 


mater) LE LE LI LIL LU LU UL 


Tsu ia Tsu - RESET Shift _,'. Ss Internal Counter = ___,; 

i Register Count Down Period 
peocT U 
RESET : ; 


Gee ee ee ae 
a ai: meee a 
F/4 / \ 


Applied Micro Circuits Corporation 


Page 5-16 6195 Lusk Blvd., San Diego, CA 92121 © (619) 450-9333 


AMCG 


| CLOCK DRIVER APPLICATION NOTE 


USE OF MULTIPLE CLOCK CHIPS INA 
SYSTEM 


Many applications require greater than 20 clock out- 
puts, and the use of multiple SC35XXs would be 
advantageous. The loads that receive these clocks 
may all reside on a large PC Board, or they may be 
distributed across a number of PC Boards intercon- 
nected via a backplane. 


To effectively distribute these clocks requires the 
user to give some consideration to the strategy for 
distributing the SC35XX primary input clock. The ob- 
jective is to get a low skew primary clock distributed 
to each SC35XX. 


Remember that the SC35XX provides the option of 
two different types of primary clock inputs. For 
primary inputs over short distances and at frequen- 
cies of 50 MHz or less the single rail TTL input may 
be used. For “longer” distances and backplanes or 
where the primary frequencies exceed 50 MHz AMCC 
recommends that the user consider utilizing the 
“PECL” (Positive referenced 100K ECL input). In ei- 
ther case a single +5V power supply is the only 
power supply required. 


The diagrams on the following pages summarize 
these recommendations. 


The High Speed PECL distribution scheme utilizes 
the Motorola MC100E111 (Differential, 1:9, 50 ps 
Skew, ECL Driver) fed from the Crystal Oscillator 
(XCO). This primary fanout driver requires a pair of 
240 Ohm pull down resistors to ground at its input 
pins. All of the output pairs should be source termi- 
nated by a 40 Ohm resistor in series and a 240 Ohm 
pull down (to ground) resistor at both legs of the 
differential PECL output. The differential primary 
fanout branches should be of equal length when 
routed to the receiving SC35XX. 


Alternatively, the PECL backplane signal pairs can 
be parallel terminated at each SC35XX input by a 
thevenin equivalent 50-70 Ohm resistor to +3V. As 
an example, a 100 Ohm resistor to +5V and a 
complement 150 Ohm resistor to ground is equiva- 
lent to 60 Ohms to +3V. 
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There are two main advantages to these schemes. 
1. Minimal Noise Generation 


The high speed PECL Signals are limited to 0.8V in 
amplitude. This limits the potential crosstalk effects 
that they might have on surrounding signals, and 
limits their radiated energy (EMI). 


2. High Noise Immunity 


Since the PECL signals are differentially received at 
the SC35XX, any noise will appear in equal phase 
and amplitude on each of the differential signals. 
The SC35XxX will reject this common mode noise at 
its receiver, providing excellent noise immunity. 


The Low Speed TTL distribution scheme utilizes the 
$C3508 (TTL 1:20 Driver) fed from a crystal oscillator. 
Good clock distribution techniques should be followed. 
This includes avoiding “daisy chaining” or “branching” 
of the clock fanouts (greater than 2" stubs). 


SUMMARY 


The SC35XX greatly simplifies the task associated 
with distributing high performance clocks within 
today’s systems. It accomplishes this by reducing 
the variables that the designer must contend with to 
these basic issues: 


1) Keep each clock driver’s loading light (SC35XX’s 
large output count allows the clock loads to be dis- 
tributed one load per clock output typically); 


2) Balance the total load equally among all drivers; 


3) Keep clock trace lengths equal (Use serpentine 
traces to make all clock traces of equal length); 


4) Be aware of and manage AC power dissipation in 
the SC35XX. Where possible make clock traces 
Zo=70 to 100 Ohms for minimal power dissipation; 


5) High capacitive loads at high frequencies can be 
supported by paralleling two adjacent SC35XX outputs; 


6) Be generous with switching noise decoupling ca- 
pacitors at the four sides of the SC35XX drivers, 
between the +Vcco and ground planes. AMCC rec- 
ommends a pair of 0.1 uF and 0.01 wF ceramic ca- 
pacitors at each side of the SC35XX package. These 
decoupling capacitors should be placed on the same 
side of the board as the SC35XX, and very close to 
the power and ground package pins. 
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Basic Primary to Secondary Clock Fan-Out Tree 


1to9 or 20 
Primary 
Fanout 


9C3508 SC35XX 
1-20 TTL : TTL Backplane Clock (2F) Secon ay 


240 Chms 


_ Note: An $C3508 primary to SC3508 secondary fanout is not 
recommended, due to the potential pulse width shrinkage ofa 1X 
single-ended output feeding a second 1X driver withoutreshaping. 
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A High Speed Series Terminated PECL Primary Clock Fan-Out Path to the SC35XX 


+0¥ 


_ MOTOROLA >—_—PECL _,,. SC35XX 


MC100E111 40 Ohms Backplane Clock pair Secondary 
1:9 Diff. >_> Fanout 


Ground 


40 Ohms 


Note: Source resistor pairs may be implemented with discrete 240 Ohms 
resistors, resistor packs of 240 Ohms and 40 Ohms each or custom 
packs of combined 240 and 40 Chms for each signal through the pack. GND 


Alternate PECL Primary Fanout Path to SC35XX With Parallel Termination at each 
SC35XX Input Pair 


PECL SC35XX 
Backplane Clock pair PECL 


Inputs 
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APPENDIX-A 
Crystal Controlled Oscillator Suppliers 


MONITOR PRODUCTS, Oceanside, CA 

CTS, KNIGHTS DIVISION, Sandwich, IL 
ECLIPTEK, Fountain Valley, CA 

SARONIX, Palo Alto, CA 

STANDARD CRYSTAL, El Monte, CA 
CONNOR-WINFIELD, Aurora, IL 

ANDERSON ELECTRIC, Holidaysburg, PA 
CHAMPION TECHNOLOGIES, Franklin Park, IL 


APPENDIX-B 


PC Board Transmission Line Equations 


619-433-4510 
815-786-841 1 
714-963-4009 
800-227-8974 
800-423-4578 
708-851-4722 
814-695-4428 
708-451-1000 


The characteristic impedance and propagation delay for printed circuit board traces are functions of the board 


material, physical board layout and board topology. Please refer to Figure 1 for referenced dimensions. 


The following calculations assume G-10 glass-epoxy board material with an Er=4.7: 


CHARACTERISTIC IMPEDANCE 

Zo = (Lo/Co)1/2 

PROPAGATION DELAY 

Tpd = (Lo*Co)1/2 pS/inch, if units are in inches 
MICROSTRIP TECHNOLOGY 

Zo = 35.2Ln[(6*h)/(0.8*w+t)] 

STRIPLINE TECHNOLOGY 


Zo = 27.7*Ln[(1.9*b)/(0.8*w4t)] 
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Fall=1,715V/nS 


e2,005V/nS, 
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Fall=1,196V/n5S 


=1,236¥/nS, 


Rise 


APPENDIX-C 


Spice Simulation of Output Waveforms 


Modeled Frequency — 80MHz 


(X-Axis is in ns) 


10 pF Load with 10" of Trace (Zo=50Q) 
Single Driver 


BOMHz IDpF @ 10" SO8hms 8/29/91 
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20 pF Load with 10" of Trace (Zo=70Q) 
Single Driver 


BOMHz 20pF @ 10" 7OBhms 8/23/91 


eaeiate 
ee 
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ef 


i) 10 20 30 40 50 60 70 80 90 100 
Hi TimesG.203nS, Quty Cycle=51.69% 
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Fall=1,076V/n$ 


e1,226V/n8, 


Rise 


Fall=1,410V/n$ 
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el,410V/nS, 


Rise 


20 pF Load with 10" of Trace (Zo=50Q) 
Single Driver 


BOMHz 2OpF @ 1D" Sddhns 8/29/91 


“a 10 20 30 40 50 60 70 80 90 100 
Hi Time=6.069nS, Quty Cycle*$0,.47% 


40 pF Load with 6" of Trace (Zo=50Q) 
Two Drivers in Parallel 


BOKHZ 40pF @ 6" S5DOhns,Two J] Orivers, 8/29/91 
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Hi Time=6.208nS, Duty Cycle=51.73% 
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APPENDIX-C 
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Spice Simulation of Output Waveforms 


Modeled Frequency — 66MHz 


10 pF Load with 6" of Trace (Zo=70Q) 
Single Driver 


G6NHz JOpF @ 6" 70Bhms 8/29/91 


Hi Times7.322nS, 


Duty Cycle*48.815% 


20 pF Load with 10" of Trace (Zo=70Q) 
Single Driver 


B6HHz 2OpF @ 10" 708hms 8/29/91 


Hi Times7.605nS, 


futy Cycle=50.70% 
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(X-Axis is in ns) 


Fall=0,554n0S/¥ 


©1,392nS/V¥, Fallel,486nS/¥ 
near cies, Gao a, Ves “Rat a ee”. Soe ee a 


Rise 


Rise -O0,.491nS/¥, 
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10 pF Load with 10" of Trace (Zo=50Q) 
Single Driver 


66MHz LOpF @ 10" 50Ghms 8/29/91 


Hi Times7.351n8S, Duty Cycle=49,00% 


40 pF Load with 6" of Trace (Zo=50Q) 
Two Drivers in Parallel 


GG6NHz 40pF @ 6" SDBhns 8/29/91 


Hi Time=7,.919nS, Duty Cycle=52.79% 
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APPENDIX-C 
Spice Simulation of Output Waveforms 
Modeled Frequency — 50MHz 


(X-Axis is in ns) 


20 pF Load with 10" of Trace (Zo=50Q) 20 pF Load with 10" of Trace (Zo=70Q) 
Single Driver , Single Driver 
5OMHz 20pF @ 10° 508hms 8/29/91 5OMHz 20pF @ 10° 708hms 8/29/91 


Fall=0,918nS/¥ 
Fall=0,798n5/¥ 
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Rise =Q0,780nS/¥, 
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Hi Timeel0.179nS, Duty Cycle=*50,895% Hi Times10.360nS, Duty Cycle=51.80% 
40 pF Load with 10" of Trace (Zo=50Q) 40 pF Load with 6" of Trace (Zo=50Q) 
Single Driver Two Drivers in Parallel 
5DOMHz 40pF @ 10* S5OGhms 8/29/91 5ONHz 40pF @ 6" SOBhns 8/29/91 


Fall=1,548n5/¥ 
Fallel,444nS/¥ 
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Hi Times10.720nS, Duty Cycle=53.60% Ht Time=10.599nS, Duty Cycle=53.00% 
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APPENDIX-C 
Spice Simulation of Output Waveforms 
Modeled Frequency — 40MHz 


(X-Axis is in ns) 


20 pF Load with 6" of Trace (Zo=70Q) 20 pF Load with 10" of Trace (Zo=50Q) 
Single Driver Single Driver 
AONHz 2OpF @ 6" 700hns 6/29/91 40MHz 20pF @ LO" 50Ghms 8/29/91 
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Hi Timeel2.630nS, Duty Cycle-50.52% Hi Times13.403n5, Duty Cycle=53.61% 
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APPENDIX-C 
Spice Simulation of Output Waveforms 
Modeled Frequency — 33MHz 
(X-Axis is in ns) 


20 pF Load with 6" of Trace (Zo=50Q) 20 pF Load with 10" of Trace (Zo=50) 
Single Driver Single Driver 


33NHz 20pF @ 6° SOBhms 8/29/91 


JIWHz 20pF @ 10° SQGhas 8/29/91 
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Ht Time=15.121nS, Duty Cycle=50, 40% H1 Timeel5.186nS, Duty Cycle=50.62% 
40pF Load with 6" of Trace (Zo=50Q) 40 pF Load with 6" of Trace (Zo=70Q) 
Single Driver Single Driver 
33NHz 40pF @ 6° 50Bhms 8/29/91 33MHz 40pF @ 6" 70Bhas 8/29/91 
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Clock Design in Intel Pentium™ 
Processor Systems 
using the SC3508 


M.K. Williams 
Owner/Principal Consultant 
Amherst Systems Associates 


1. INTRODUCTION 


The Pentium processor is the latest, high-perfor- 
mance entry in the X86 microprocessor family 
from Intel. There are 60- and 66-MHz versions. 
It operates on 64-bit data in two instruction pipe- 
lines with instruction prefetching and branch pre- 
diction. There is also on-board floating-point 
processing, as well as sophisticated data and 
instruction caching. These are ail structural ele- 
ments that, until very recently, were found exclu- 
sively in main-frame and supercomputer 
designs. 


At the hardware level, Pentium designs also have 
a good deal in common with larger computer sys- 
tem designs. For example, the tighter timing mar- 
gins and the higher clock and edge speeds of 
Pentium designs dictate the careful application of 
high-speed digital design methods. This includes 
employing design methods which preserve the fi- 
delity of the clock pulse and effectively manage 
the tolerances present in the circuitry which distrib- 
utes or receives the system clock. 


Figure 1. 


CPU Module 


Pentium Cache 
Processor Controller 
82496 


66MHz, 64 Bits 


<4 33MHz, 32 Bits 


EISA BUS 
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The purpose of this application note is to clearly 
illustrate an approach to the design of the sys- 
tem clock for the Pentium using the AMCC 
SC3508. We will methodically work through a 
simple but representative example. In doing so, 
we will identify the important design decisions 
encountered in the design of a correctly timed 
system, and show methods for resolving them. 


A Word About Specifications 


In this document, we make use of a number of 
Pentium specifications. The reader is cautioned 
to verify any specifications with Intel prior to ap- 
plying them, since they are all subject to 
change. It is also the responsibility of the de- 
signer to exercise sound engineering judgment 
to determine the suitability of how any particular 
specification or method is to be employed in his 
design. 


2. DETERMINING YOUR DESIGN 
REQUIREMENTS 


The first step in specifying the design of the 
clock for a Pentium, or any other system, is to 
clearly define what the design requirements are. 
Some of these will come from Intel specifica- 
tions while others will be determined by aspects 
of the design, such as critical delay paths. In this 
section, we present some background on the 


Memory-Bus 
Controller and 
DRAM Array 


Conversion 
Logic 
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mechanisms we are trying to manage and how 
to quantify the impact of those mechanisms on 
the design. 


2.1. Timing-Environment Design: 
Fundamentals 


The fundamental goal for any timing environ- 
ment design is the specification of a statistically 
Stable design. That is, it is assumed that the 
elements from which each system will be as- 
sembled will have some statistical distribution on 
their characteristic parameters (in our case, de- 
lay). Since many copies of the design will be 
fabricated, we must employ design methods 
which recognize this tolerancing and which en- 
sure that every clock signal in each machine 
built arrives within the time interval predicted at 
design-time. 


2.1.1. Basic Requirement on 
Clock-Arrival Time 


We will use Figure 2, which shows a critical 
path, to illustrate the tolerancing effects we are 
concerned with controlling. Given that the two 
clock paths are built from components which 
have some statistical delay distribution, we can 
describe two pathological situations: 


1. Clock-path 1 is slower than anticipated 
2. Clock-path 2 is faster than anticipated 


For the first case, FF1 is clocked late causing 
the data to arrive at FF2 after FF2 samples its 
input. The result is that the data is missed or the 
flip-flop enters a metastable state. The second 
case results in an equivalent situation by again 
clocking FF2 early relative to the arriving data. 
We can see from this simple example that any 
mechanism which causes the delay of a clock 


Figure 2. 
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path to vary by more than the designer antici- 
pated can result in a failure. Notice that it is 
delay variation, rather than the magnitude of the 
delay that results in timing failures. 


2.1.2. Basic Clock-Tolerancing Mechanisms 


As we just saw, we must manage anything 
which can result in unequal or inconsistent ar- 
rival times of the clock at the load. This equates 
to two important design tasks: 


1. Precisely balance the mean delay along every 
path from the clock generator to the clock 
loads. 


2. Anticipate and manage those mechanisms 
which tend to alter the delay along these 
paths. 


The merit of balanced mean delays for all clock 
paths is illustrated by Figure 3. Since the worst- 
case tolerance is computed from the earliest 
and latest arrivals, balancing the mean delays 
moderates the impact of any statistical delay 
variations. 


We will use Figure 4 to illustrate the various 
tolerancing mechanisms we are attempting to 
manage. The figure shows a clock-buffer driving 
a transmission-line which terminates at some 
clock-input. This circuit is representative of a 
complete clock path for many Pentium systems 
(i.e. one-level buffering). Given Pentium speeds 
(66-MHz clock rates and fast clock edge rates), 


Figure 3. 
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Figure 4. 


Figure 5. 


Input-edge slew 30 


rate ae 


Receiver Threshold 
noise voltage distribution 


Edge placement time distribution 


a controlled-impedance interconnect is required. 
For this clock net, the expression for the varia- 
tion in delay along the net is: 


Tolerance = Intrinsic skew + Extrinsic skew + Jitter 


(1) 
Where , 


Intrinsic Skew is the delay variation in the clock 
buffer. This is usually specified separately for 
part-to-part and pin-to-pin skew. Some clock 
buffers also specify skew within a group of 
clock-buffer outputs. Assuming a single-chip so- 
lution, we will use pin-to-pin. 


Extrinsic Skew is delay variation attributable to 
effects in the interconnect. 


Jitter is the cycle-to-cycle variation in the arrival- 
time of the clock. It is due primarily to noise in the 
power environment which, in turn, causes time- 
varying shifts in the input threshold of a device. 
The relationship between noise and edge-place- 
ment (jitter) is shown in Figure 5. For more infor- 
mation on jitter, see References 1 and 2. 
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Extrinsic skew is not a single mechanism. It is 
convenient to break it into three major compo- 
nents: 


Extrinsic skew = ATOF + ADist_Del + MT (2) 
Where, 


ATOF is the variation in the time of flight 
of an undistorted signal. This is due primarily 
to variation in line lengths, and does not in- 
clude additional delay variation attributable 
to edge degradation. This effect is ad- 
dressed by equalizing all clock net lengths to 
that of the longest clock net. 


ADist_Del is the distortion-delay variation. 
As a signal propagates, some of the high- 
end spectral content is attenuated. One 
prominent cause of this is the capacitance of 
the clock load. This results in a slower or 
degraded edge, and ultimately additional de- 
lay in reaching threshold voltage. Any varia- 
tion in edge degradation (e.g. AC, ) results in 
a variation in delay. This is ADist_Del. 


MT is the manufacturing tolerance on the 
delay. It ranges from one’s of psec/in to mid- 
10’s of psec/in. 
The expression can be rewritten as: 
Tolerance = Intskew+ ATOF+ ADist_Del 
+ MT + Jitter (3) 


From transmission-line theory, we know that the 
propagation rate of a loaded transmission-line 
is: 

Tes = Tag 14 CALC) (4) 
Where, 


T,,, is the propagation rate of the unloaded 


transmission-line. 


PD 


C, _ is the load capacitance (may be 
distributed) 

L is the length of the line 

C, _ is the intrinsic capacitance of the line 


And the delay (time of flight plus distortion-de- 
lay) of a loaded transmission-line is simply: 
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LT.» =L*T,.¥ 1+C/A(L*C,) (5) 


If we know the minimum and maximum values 
for C, , we can compute the min and max delays 
for a given lossless transmission line (exclusive 
of manufacturing tolerances). 


ALT, =L’T,,(V1+C, AL*C,) - 


Lmax 


V1+C, (L*C) ) (6) 


Lmin 
And we can use the difference in these values to 
replace the second and third terms in expres- 
sion (3): 


Tolerance = Int skew + ALT,” +MT+ Jitter (7) 


We will use this expression to compute the 
tolerancing of various “tolerance groups” later in 
the example. One very important effect to note 
is that the preceding expression implies that 
clustering loads which have non-trivial load-ca- 
pacitance variation on a single clock net will 
drive the ALT,,.” factor up and thus the overall 
tolerance. 


2.1.3. Design Flow/Approach 
There are a variety of approaches one can take: 


Clocks first - Specify in detail the clock dis- 
tribution and use resultant tolerances to 
compute delay margins on critical paths 
(Tcyc-Ttol = max Tpath). 


Critical paths first - Design critical paths 
and use the resultant maximum delays to 
compute timing margins (Tcyc-Tpath=Ttol). 


Most designers will take an approach that 
iterates between both styles, ensuring that 
both the timing and path delays are equally 
prioritized. In our example design, we are 
starting with critical-path information to de- 
termine timing margins, and then using the 
margin information to establish constraints 
on critical-path parameters (e.g. allowable 
load-capacitance variation on external 
loads). In detail, our decision-flow is as fol- 
lows: : 


1. Determine allowable tolerances in CPU 
module. 
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2. Use critical path information to determine 
allowable clock tolerance (i.e. margin) on 
external loads. 


3. From an inventory of clock loads, deter- 
mine your slowest clock path in the sys- 
tem. 


4. Starting with your tightest tolerance 
group (Pentium-82496), begin designing 
clock nets. Make each net approximately 
as long as that of the slowest path (previ- 
ous step). As you progress through other 
tolerance groups, ensure you balance 
the mean delays. 


5. From the unused margin for each group, 
develop constraints for each of the fol- 


lowing: 

e Jitter 

e Manufacturing tolerances on 
net delays 


e Load-capacitance variation 


Three-Level Tolerance Specifications 


The Pentium specification dictates tolerances 
within the CPU module at three voltage levels 
(0.8, 1.5, and 2.0V). This was most likely done 
to combine tolerance management and pulse- 
fidelity into a common specification. However, 
designing for minimum tolerancing at multiple 
voltage levels can be very difficult. For clarity, 
we will design for minimum tolerancing at 1.5V 
and employ methods which ensure good pulse 
fidelity. This will ensure that the tolerances are 
satisfied at all three levels. 


2.2. Specific Pentium System Design 
Requirements 


The degree of difficulty for any timing-environ- 
ment design is derivable from two aspects of the 
design — the number of board-level clock loads 
and the fraction of the cycle time allocated to 
clock tolerancing. Broadly speaking, a design 
becomes challenging when the number of loads 
exceeds 10 and the total tolerancing is restricted 
to 10 to 15% of the cycle time. 
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For Pentium systems, the number of board-level 
clock loads varies according to the complexity of 
the design. For the most basic designs, the 
number of loads will be four to eight, primarily 
the Pentium processor and memory-bus control- 
ler. For very sophisticated designs (e.g. large 
server systems), with a second-level cache, as 
well as controllers for large interleaved memo- 
ries and other synchronous devices, the number 
of board-level clock loads can exceed forty or 
more. 


A typical 66-MHz design with a second-level 
cache will have 12 clock loads in the CPU mod- 
ule plus more loads for the memory bus control- 
ler (MBC) and other logic such as bus 
conversion. Therefore, depending upon how the 
MBC, etc. are implemented, a typical 66-MHz 
design will have 15 to 20 clock consumers. 


The small fraction of the period alloted for 
tolerancing qualifies Pentium designs as quite 
challenging. At 66-MHz, the cycle time is 15 
nsec. Clock tolerances within the CPU module 
are either 200 or 700 psec, and those external 
to it vary depending upon critical path delays to/ 
from devices external to the CPU module. 
Stated another way, the tolerances within the 
CPU module are 1.3% and 4.7% of the cycle 
time. 


For the rest of this section, we determine the 
various tolerances in a 66-MHz Pentium system 
with a second-level cache. The design require- 
ments are configuration-specific and best con- 
sidered in tolerance groups. 


There are very few explicit clock requirements in 
the basic Pentium specification. Only clock sta- 
bility (jitter) and pulse fidelity are specified. 


Clock Stability (Jitter) - The Pentium clock 
must have a stability of better than +/- 250 
psec. There are many metrics of frequency 
stability. While it does not explicitly state so, 
this specification refers to period-jitter. In a 
footnote to the specification, the distribution 
of the jitter in the jitter frequency spectrum 
excludes any peaking between 500kHz and 
1/3 of the clock frequency (repetition rate). 
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Pulse Fidelity - The Pentium clock signal 
operates at TTL levels. The clock waveform 
must remain at the high and low levels for a 
minimum of 4 nsec, and the transition times 
must be less than 1.5 nsec. The Pentium 
specification dictates other clock waveform pa- 
rameters beyond these. The reader is referred 
to the specification for complete information. 


2.2.2. CPU Module 


There are four possible configurations for the 
“CPU module”. They are summarized in the fol- 


lowing table. 
Clock Speed Tolerance Number of 
(MHz) (psec) Loads 
ee LL 


60 or 66 
12 
256K 700 CPU, cache 
pe “ ~ 


control, 
Layout Considerations Within CPU Module 


10 SRAM 
There are flight-time specifications for various 


20 
CPU, cache 

signal groups within the CPU module. For ex- 

ample: _ 


control, 
18 SRAM 


12 
CPU, cache 


control, 
10 SRAM 


Pentium - 82496: Only max flight times 
are specified (1.6 nsec is smallest value). 


Pentium - 82491: Min and max flight 
times are specified (1 - 2.2 nsec range 
for 66-MHz). 


These fight-times are critical, and it is likely that 
they will drive the placement of devices within 
the CPU module. That placement, in turn, will 
interact with clock tolerancing within the CPU 
module, since the distances from the clock 
driver to the clock loads determine certain 
tolerancing components. Specifically, intercon- 
nect tolerancing increases with the length of the 
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clock nets. For our example, we will use the 
configuration for the layout of the CPU module 
found in the Intel Pentium clock application note 
(Reference 8). There may be another approach 
(e.g. locating the clock driver in the center) that 
results in additional timing margin. 


Pentium-82496 Tolerance Group: 
Two Loads at 200 psec Tolerance 


This requirement is very tight and essentially un- 
heard of in microprocessor systems. To meet 


this specification, both loads must be driven by 
the same pin of clock buffer. This eliminates the 
intrinsic skew component of the tolerance. By 
locating the Pentium and 82496 clock pins close 
to each other, and moving the branching point to 
the end of the transmission line (versus stubbing 
into two lines near the clock buffer), it is possible 
to minimize the manufacturing tolerance. The 
200 psec tolerance thus splits between jitter and 
arrival time variation due to load capacitance 
variation. 


Are there two different jitter specifications for the Pentium? 


There can be some confusion in systems with 
second-level caches, since there appear to be 
two conflicting jitter specifications. This, how- 
ever, is not the case: 


The Pentium clock specification states 
that the maximum allowable instability 
(jitter) on the clock to the Pentium pro- 
cessor is +/- 250 psec. Further restric- 
tions as to how this energy can distribute 
across the jitter spectrum are also speci- 
fied in a footnote. 


When the Intel CPU-Cache chip set is 
employed, the maximum tolerance be- 


tween the clock signals driving the 
Pentium and the 82496 is limited to 200 
psec. That is, for systems with second 
level-caches, the sum of the skew and 
the jitter between the clock signals driv- 
ing the cache controller and the Pentium 
must be less than 200 psec. 


Actually, there is no conflict in these specifica- 
tions once you determine what they represent. 
The former jitter specification (+/- 250 psec) is 
established by the timing requirements of seg- 
ments 100% internal to the Pentium. Any dis- 
placements larger than 250 psec run the risk of 
an internal Pentium timing failure. Furthermore, 
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the requirements on the jitter spectrum are in 
place to prevent stimulating the resonant fre- 
quency of the loop filter in the internal PLL clock 
receiver. When jitter causes the PLL loop-filter 
to resonate, the signal out of the PLL (i.e. the 
internal clock) has more jitter on it than the sig- 
nal driving into the PLL (i.e. the Pentium clock 
input), and is possibly larger than acceptable. 


The latter specification (200 psec) governs the 
timing of segments between the Pentium and 
the 82496. When that specification is violated, 
timing failure on one of the paths which span 
both chips is likely. 


How do you use this information? 


In systems without second-level caching, the lat- 
ter specification(200 psec) does not apply. As- 
suming there is sufficient margin on all paths 
external to the Pentium, system jitter must be 
less than +/- 250 psec and distributed in the jitter 
spectrum as specified in the footnote. 


In systems with second-level caching, the 200 
psec specification sets the upper limit on the 
jitter amplitude (jitter < 200 psec - Pentium/ 
82496 skew). Furthermore, the jitter must dis- 
tribute through the jitter spectrum as specified in 
the Pentium clock specification. 


Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 © (619) 450-9333 


AMCG 


| PENTIUM APPLICATION NOTE 


Pentium-82491 & 82496-82491 Tolerance 
Groups: 10 SRAM (+2) Loads at 700 psec 
Tolerance 


This group has many more clock loads, which 
necessitates driving the group by more than one 
pin of the clock buffer. Much of the margin ob- 
tained by increasing the tolerance specification 
to 700 psec is absorbed by the increased intrin- 
sic skew. There will also be a more significant 
manufacturing tolerance contribution, since the 
SRAMs are more widely dispersed on the board 
and there will be more inches of interconnect in 
the clock nets that drive them. 


Since we are forced to increase the intrinsic 
skew term of the total tolerance in this group, we 
want to use a point-to-point scheme (1 load/net). 
This reduces the range of load-capacitance 
variation and minimizes the ALT,,,’. 


2.2.3. External Tolerance Groups 


There will also be clock consumers external to 
the CPU module. In more complex Pentium de- 
signs, the number of loads in the external toler- 
ance group can be several times the number of 
loads within the CPU module. The primary ex- 
ternal clock loading will be in the memory bus 
controller (MBC). The tolerance requirements of 
this group will be dictated by the critical paths in 
this part of the design. Shortly, we will provide a 
simple example of computing that tolerance. 


The majority of logic external to the CPU module 
is treated as memory. From a timing perspec- 
tive, there are three distinct ways in which sys- 
tem memory can be configured: 


1. Fully Synchronous 
2. Divided Synchronous 
3. Asynchronous 
This impacts the clock as follows: 


Fully synchronous systems: All clock in- 
puts driven at 66-MHz 


Divided-synchronous systems: All clock 
inputs in CPU module driven at 66-MHz, the 
memory-bus controller driven by both 66- 
and 33-MHz clocks, and all external devices 
driven by a 33-MHz clock. 
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Asynchronous systems: The CPU module 
and part of the MBC driven by 66-MHz 
clocks. A second, relatively-asynchronous 
clock (generated elsewhere in the system) 
drives part of the MBC and all external de- 
vices. 


3. DESIGN EXAMPLE 


3.1. Configuration 


Our example system will be a fully synchronous 
66-MHz system with a 256k second-level cache. 
It will use the Intel 82496 Cache Controller and 
82491 Cache SRAMs. This configuration em- 
bodies many of the most challenging aspects of 
a Pentium clock design — the extremely tight 
tolerancing of the clocks within the CPU module, 
non-trivial load-capacitance variation, and deter- 
mination of critical paths external to the CPU 
module. Furthermore, it will be extended to ad- 
dress other important design decisions — dual- 
frequency clocking and larger numbers of clock 
loads. | 


3.2. Preliminary Design Decisions 


Before beginning to work through our example 
design, we will first describe some preliminary 
design decisions, and the impact they have on 
the system clock. 


Clock-Buffer Selection - We are using an 
AMCC SC3508Q-1 clock buffer to drive the 
clock in this example. Our selection criteria 
for this part is based upon two factors. Spe- 
cifically, that the SC3508Q-1 has twenty out- 
puts and that the pin-to-pin skew for this part 
is less than 500 psec. In second-level cache 
systems, we have to drive 12 loads which 
have a non-trivial (relative to the tolerance 
requirement) amount of capacitive load 
variation. With 20 pins available from the 
SC3508Q-1, a single-IC point-to-point (i.e. 
one driver pin for each clock load) clock-dis- 
tribution solution can be employed. If these 
loads had to be driven such that two or more 
SRAM inputs were clustered on a net, the 
arrival-time variation due to extrinsic skew 
and C, effects (c.f. expressions 6 and 7) 
would exceed the allowed tolerance, even 
without factoring-in jitter. 
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Device Placement Within the CPU Module - 
We will use the placement suggested by 
Intel in Reference 8. Figure 6 shows that 
placement. 


Figure 6. 


82491#2 82491#1 
(@) .@) 
: le— 24" —> 
Pentium” | 
82491#9 82491#6 82491#5 Processor 
O .@) @) 
| l 
82491#10 82491#4 8249143 
o) oO oO Clock Driver 
82491#8 82491#7 
re) O 


+——————— _ Approx. 6.5" ————_> 


Interconnect Environment - For our 
speeds and spectral content, we obviously 
need a controlled-impedance interconnect. 
The reader is referred to References 3 and 
10 for detailed background information on 
this topic. 


Microstrip vs stripline - We are routing 
all clock signals in microstrip, since the 
propagation rate is higher than that of 
stripline (146 psec/in for microstrip ver- 
sus 182 psec/in for stripline). While the 
twenty or so clock nets may increase the 
level of radiated noise, the faster rates 
reduce the impact of interconnect manu- 
facturing tolerances (5% of 146 is less 
than 5% of 182). 


Figure 7. 
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Parameters - Our example assumes a 
70-ohm characteristic impedance. Higher 
values of Z, reduce the dynamic current 
available to charge the load capacitance. 
This, in turn, results in higher sensitivity 
to load capacitance variation. However, 
lower dynamic current also means less 
noise and therefore less jitter. The other 
parameters for our assumed intercon- 
nection environment follow. 


Structure: Microstrip 
Dielectric: 4.7 .012" thick | 
Conductor: .011" Wx .0015"T copper 
Properties: | 


Co 2.08 pF/in 
LO. 10.3 nH/in 
ZO 70.4 ohms 
Tpd 146.4 psec/in 


Definition of External Loading and Tolerance - 
For any design, it is necessary determine the 
allowable clock tolerance on external critical 
paths. To do that, you have to identify the critical 
paths in the external circuitry. This may be quite 
difficult, given the large number of bus-transac- 
tion types, and that not all segments are 1-cycle 
long. 


To simply illustrate what is required, we will 
assume we have identified the external critical 
path as shown in Figures 7 and 8. That is, the 
critical path runs from the fictitious Pentium 
output P5_OUT through two PLDs and into the 
fictitious inputs P5_IN and CC_IN. The delays 
through the PLDs have been arbitrarily assumed 
to be 3.5 and 3.2 nsec. For simplicity, we 


P5_IN (2pF) 


CC_IN (2pF) 
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Figure 8. 


Pentium 


COMBINATIONAL 
LOGIC 


assume P5_OUT is valid on the rising edge of 
the clock (add appropriate delay if this not the 
case for your system). Furthermore, we will 
assume the setup-time for both inputs is 5 nsec. 
Computing the path delay: 


Segment 1 


From our previous discussion, we can com- 
pute the delay of a loaded transmission line 
from expression (5). Using C, = 10 pF (hope- 
fully a maximum value), L = 4", and our pre- 
vious values for the remaining variables, we 
have: 

Delay(segment 1) = (4")(146.4ps/in) 

V 1+ (10pF)/(4" * 2.08pF/in) 

= 868 psec 


Segment 2 
Using the same method, we compute: 
Delay(segment 2) = 450 psec 


Segment 3 


For this segment, we analyze the capacitive 
effects of the two 0.6" segments as a single 
1.2" segment with twice the load capaci- 
tance: 

LT,’ = (3.5+.6)*(146.4)* 

V1 + (24+2)/((3.5+1.2) * (2.08)) 

Delay(segment 3) = 713 psec 
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Computing the critical path delay, T 


CPD" 
T opp = Max gate delays + 
Max net delays + MT* (8) 


where, MT* is an estimate of the maximum 
positive manufacturing tolerance. 


Topp = (3.5 + 3.2) + (.868+.450 + .713) + 
9.6"(20 psec/in) 
= 8.923 nsec 


Computing the available clock tolerance, 
TOL =: 


TOL = Toyo 7 Topp > Setup-time (9) 
= 15-8.923-5 
= 1.077 nsec 


We will make use of this figure later in the 
example. 


3.4. Inventory of Loading and Placement 
of Clock Loads 


As the expressions illustrated earlier, variation in 
load-capacitance can be a principal contributor 
to clock tolerancing. We will see that in Pentium 
systems with second-level caching, this effect 
will dominate in the CPU module. 


Loading in CPU Module 


Intel has characterized the high-frequency be- 
havior of the pins of the devices in the CPU 
module. Reference 7 provides models for all in- 
put pins in the CPU module (it also has output 
models). The model is shown in Figure 9. The 
values for the components are shown in Table 
1. When analyzing various design approaches 
with a good simulation tool, these models will 
contribute to a more accurate answer. They are 
especially useful since minimum and maximum 


Figure 9. 


Page 5-35 


PENTIUM APPLICATION NOTE 


values are provided instead of typical values. 
However, since the model is a third-order low- 
pass filter which is driven by a transmission-line 
with its own distributed reactive components, we 
need to simplify it for our manual calculations 
here. Our transmission-line delay expressions 
employ a single, lumped load capacitance. So 
we need to estimate mininum and maximum 
values for input capacitance from the data in the 
table. 


Table 1. Component Values for Input Pin 
Models 


Type Min/Max | Min/Max | Min/Max 
[Pentune [ERS | 1022 | e204 | 1723 


* Ignore 7pF maximum input capacitance rating from DC 
specification when using these models. 


We are concerned about the time at which V,.. 
the voltage across C,,, charges up to threshold. 
An edge arriving at the pin on the transmission 
line can be considered as the sum of several 
sine-waves - the fundamental (66-MHz) and the 
harmonics (up to about 250-MHz). The elements 
of the filter attenuate or resist the high-end spec- 
tral components more than the lower ones, de- 
grading the edge and delaying the time V,, 
charges up to threshold. The fastest time will be 
when the high-end spectra is attenuated the 
least, the slowest time when it is attenuated the 
most. We can assume that the least attenuation 
will occur when both capacitors and the inductor 
are at minimum values. If we let the inductance 
go to zero, the capacitors are in parallel and we 
can simply add them. This assumption will result 
in a slightly faster estimate of the arrival time, 
since the inductor would limit some of the cur- 
rent which charges C,, The slowest time will oc- 
cur when both capacitors and the inductor are at 
their maximum values. In this case, we can sim- 
plify, and still account for the effect of the induc- 
tor (resisting the passage of the current which 
charges C,,), by letting the inductance go to zero 
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but scaling C,, up to increase the charging time. 
Our assumption is that scaling C,, up by 50% will 
account for the elimination of the inductor. So 
our maximum value for the pin capacitance will 
be computed as: 


max C,,,, = max C, +1.5(max C,,) (10) 


The values we will use are shown in Table 2. 


Table 2. Simplified Pin-Capacitance Values 


1.64+1.7=33 | 2.24 1.5(2.3)=57 
g2496 | 1.44+2.4=38 | 1.9+1.5(3.3)=6.9 


82491 5+2.9=3.4 1.5 + 1.5(3.9) = 7.4 


Placement of Loads in CPU Module 


Since we are assuming the placement sug- 
gested in Reference 8, we can derive the dis- 
tance to loads from that. The shortest path from 
the clock driver to either the Pentium or 82496 
clock pins is approximately 2 inches. The near- 
est and farthest 82491s to the clock buffer are 
approximately 5 and 7.5 inches, respectively. 


Loading Outside CPU Module 


Assumed placement and loading for the external 
clock loads is shown in Table 3. It is obvious 
from the table that either load 1 (largest capaci- 
tance value) or load 3 (most remote load) will be 
our worst case load. Note that we have as- 
sumed only typical values for C,. We would ob- 
viously like to have min/max values, but this is 
usually not available. 


Table 3. External Clock Loads 


Estimated Min 
Distance Clk buffer 
to load 
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0.8" 


IPD = 146.4 PSAN 


SC3508 


3.5. Pentium/496 Tolerance Group 
Requirement: 200 psec 


Structure of Clock Net: This tolerance is suffi- 
ciently tight that both loads must be driven off 
the same pin of the clock buffer to eliminate ex- 
trinsic skew (500 psec for the SC3508Q-1). Ex- 
amining the clock-load inventory from the 
previous section, we see that the longest clock 
net will probably be about 10". This will be our 
starting point for this and all subsequent nets. 
Nets can be serpentined to use up extra length. 
The layout of the CPU module tells us the two 
loads are about 1.6" apart. From this, we will 
assume the structure for our clock net as shown 
in Figure 10. The branching point for the stubs 
has been moved as far out on the transmission 
line as possible to reduce manufacturing toler- 
ance effects between these two loads. 


Analysis: For approximately 1.5 nsec transition 
times, the 9.2" segment of the line can be 
treated as a transmission line (i.e. an edge 
doesn’t “know” about a load until it gets there). 
We can expect the edge to propagate down the 
9.2" segment at the unloaded propagation rate, 
which is 146.4 psec/in. Therefore, we can ana- 
lyze it and the stubs separately. The stubs are 
short enough to treat as equipotential nodes. 
We will treat the two loads as a single capacitive 
load equal to the sum of the two input capaci- 
tance ranges. 


Figure 11. 


1549 1571 


Net Delay = Delay of long segment + Stub delay 


= 9.2" *Unloaded T,,, + Loaded stub de- 
lay 


= 1347 psec + L’T,,V 1+ C/(L* C,) 


where, 
L = 0.8" for either stub 
T,, = Unloaded propagation rate = 146.4 psec/in 
C, = 2.08 pF/in (computed earlier) 
3.3<C, < 5.7 For Pentium input 
3.8<C, < 6.9 For 82496 input 


Computing the min and max delays for both 
paths (SC3508-Pentium and SC3508- 
82496), we have: 


1549 1593 


1571 
13474202 | 1347+246 | 1347+224 


1559 1613 1586 
1347+212 | 1347+266 | 1347+239 


Delay SC3508-Pentium 


Delay SC3508-82496 


Representing this graphically: 


The difference between the earliest and latest 
arrivals is 1613-1549=64 psec. This leaves 200- 
64=136 psec margin for jitter and manufacturing 
tolerance on the stubs. We can improve this by 
aligning the mean delays. In this case, that 
means increasing the mean delay of the 
Pentium stub from 224 psec to 239 psec. And 


1593 


Pentium Ah iS ie Ga 
496 SS SS SSS 


1559 
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this is accomplished by lengthening the stub to 
the Pentium. Solving expression (5) for L, we 
find that a new Pentium stub length of 882 mils 
gives us the appropriate alignment. 


a le 
Delay SC3508-Pentium 1563 1609 1586 
Delay SC3508-82496 1559 1613 1586 


Tolerance: This is determined by the difference 
in arrival times. There are two cases (early 
Pentium/late 82496 and late Pentium/early 
82496). Since we balanced the mean delays, 
both cases are identical. 


Skew = 1613-1563 = 50 psec. 


This should be guard-banded to accommodate 
manufacturing tolerances on the stubs. These 
tolerances will probably not be that large due to 
substantial tracking effects (i.e. these nets are 
all in the same area of the same layer of the 
same board). So we'll assume: 


Guarded skew = 65 psec. 


This leaves 200-65 = 135 psec for jitter so far. 
Remember that these figures are just for clocks 
in this tolerance group. 


3.6. Pentium/82491 and 82496/82491 
Tolerance Group 
Requirement: 700 psec. 


Structure of Clock Net: We will assume point- 
to-point for all SRAM nets to minimize C, effects. 
The net will be as shown in Figure 12, with an 
approximate length of 10". 
Analysis: Using 

3.4<C, < 7.4 for 491s 
and forcing the mean delay to 1586 psec, we 


solve for a length of 9.621". The full set of de- 
lays is: 


Figure 12. 


9C3508 
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Zo =70Q2 Tep = 146.4P%y [X91 CLK 
10" 


Bay Scasoe eae [vee [i040 [1086 


Tolerance: If the difference between arrival- 
times at the 82491s and the 82496 are accept- 
able, then they will also be acceptable for the 
difference between the Pentium and the 
82491’s. This is, of course, because the mean 
delays are aligned and the arrival time spread is 
wider at the 82496 than at the Pentium. So we 
will analyze with respect to the 82496. Using 
expression (7): 


Tolerance = Int skew + ALT, + MT + Jitter (7) 


Substituting our 700 psec limit in for the toler- 
ance 


700 psec < 500 + ALT,” + MT + Jitter 
200 psec < ALT,” + MT + Jitter 
where, 


ALT... in this case is the worst case arrival 
time difference (due to C, effects) between 
the 82496 and the 82491s. Again, we only 
have to compute one of the two possible 
cases due to symmetry. 


ALT,,' = 1649 - 1559 = 90 psec 


Guard-banding this figure to accommodate 
manufacturing tolerances, we can assume 


Guarded skew = 115 psec 
Leaving 200 - 115 = 85 psec for jitter. 


3.7. External Tolerance Group 


Requirement: 1.077 nsec (computed earlier) 


Structure of Clock Net: We will assume point- 
to-point for the external loads as well. This net 
will be identical to that shown in Figure 12. 


Analysis: For this group, analysis will not yield 
the same quality result as it did for the preceding 
tolerance groups. The reason is that for this 
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group, it is highly likely that you can only get 
typical values for each load-type. Unfortunately, 
you require min/max information about load ca- 
pacitance to compute arrival time variation. 
There are, however, some approaches that 
maximize the ability of the design to cope with 
uncharacterized tolerancing mechanisms. These 
include: 


1. Point-to-point clock nets to minimize the 
C, variation on any one net. Given that 
we have 20 outputs to work with on the 
clock buffer, this is not a problem for 
most Pentium designs. 


2. Use the lowest possible Z, which pro- 
duces the maximum dynamic current, 
and thus charges the load capacitance 
as fast as possible. Reference 2 elabo- 
rates on the sensitivity of tolerancing to 
transmission-line characteristic imedance 
and variation in load-capacitance. 


3. Extending the “charge current” logic ap- 
plied in the previous point to termination, 
it is generally advisable to select a termi- 
nation scheme other than series. The 
SC3508Q-1 employed in our example 
design has integral series termination. 
However, the benefit of point-to-point 
distribution afforded by the SC3508Q-1’s 
twenty output pins outweighs the impact 
of series termination. 


4. Design each external clock net such that 
its delay, as computed with typical C, 
values, is aligned with the mean delay 
value of the CPU module. 


5. Bypass heavily and use other noise re- 
duction methods to minimize clock jitter 
at that load, and devices it communi- 
cates with. 


From our earlier computations, we know the 
maximum allowable tolerance for the external 
tolerance group is 1.077 nsec. This is the maxi- 
mum arrival-time difference between either the 
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Pentium and any external load, or the 82496 
and any external load. Note that instead of treat- 
ing all external clock loads identically, we could 
separately analyze for each load, if necessary. 


Computing the mean delay for external load #3 
first: 


LT,’ = L’T,,V¥ 1+ C/(L* C,) (5) 
Where we will substitute: 
L = 10" 


C, = 5pF typical 


We get a typical delay of 1631 psec. We need to 
adjust something so that this typical delay aligns 
with the mean in the CPU module of 1586 psec. 
We can add delay to all the other nets or possi- 
bly reduce the delay of this net. Let us assume 
we can take the latter approach by slightly repo- 
sitioning the SC3508 relative to this load. To 
align the delays, the length of this net must be 
9.698" (computed by forcing the loaded delay in 
(5) to be 1586 psec). 


At this point, we may also want to consider re- 
ducing Z,. Repeating the preceding for all the 
other external loads: 


Estimated Min 
Load Clock-Net Typical C, pions 
Length g 


oad 
ira Sa 


3.8. Final Design Decisions and Summary 


At this point we have “finished” the design of the 
clock nets. We still have some constraints to 
compute, which we will do in this section. How- 
ever, in the event that an unachievable con- 
straint results, it would be necessary to rework 
the layout of the loads and the lengths of the 
clock nets. 
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Jitter, Noise, and External C, Constraints 


The following summarizes the tolerancing for the 


nets we have just designed: 
Intrinsic Extrinsic : 
Tolerance | Skew | Skew | Constraint | Constraint 
Group (pin-pin) w/ mfg. tol 
(psec) (psec) (psec) (psec) 
Pentium-82496 


Pentium-82491 700-500-<11 
5 


85 
82496-82491 | 700-500-115 


82496-EX1 
82496-EX2 
82496-EX3 
82496-EX4 
82496-EX5 
82496-EX6 

* - By examination. 


System Jitter Constraint - Given the complete 
information we have about the loads in the first 
two tolerance groups, we were able to compute 
jitter constraints. This was done using expres- 
sion (7). While jitter can be considered to vary 
from location to location in a system, it is a much 
more manageable problem to assume it is uni- 
form throughout the system. So, for our ex- 
ample, we will assume a jitter constraint of 


System Jitter Constraint = Min(135, <85, 85) 

= 85psec 
Therefore, we will limit jitter to 85 psec on a 
system-wide basis. Given the 1077 - 500 = 577 
psec of room we have for combined jitter and 
extrinsic tolerancing in the external tolerance 
group, it is not likely we will need to control jitter 
to a lower level. We will now use our jitter con- 
straint to compute the extrinsic skew constraint 
on the external loads and an approximation on 
the noise level. 


External Extrinsic Skew Constraint- Our limit 
on tolerancing in the external group due to load- 
capacitance variation and manufacturing toler- 
ances on the net Is: 


1077 - 500 - 85 = 492psec 


In the following table, we have computed the 
allowable variation on C,. The analysis allocates 
20 psec/in for manufacturing tolerances on each 
external net, computes an extrinsic skew con- 
straint from that, and then a constraint on C,. 
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Extrinsic 
Mfg Tol @ Skew 


Limit 
(psec) 


Length | : 
(in) 20 psec/in 


(psec) 


1. 492psec - MT 


2. Computed from expression (6) by setting 
ALT,, equal to the extrinsinc skew limit, 
and forcing symmetric variation of the C, 
value around the typical value. That is, 
letting 


Cmax = Cryp + ©,/2 and, 
Cin = Cryp ~ ©,/2 


Lmin 
The values from the right-most column are a 
constraint that we place on the clock inputs of 
the devices that receive the external clocks. In 
most cases, it is clear we have more than ad- 
equate margin on the low side. 


System Noise Constraint - From Figure 5, we 
know that noise in the power environment and 
clock-signal transition-times interact directly with 
jitter. Budgeting jitter in a clock-distribution and 
reception network is complicated and a detailed 
treatment of that is beyond the scope of this 
note. In our example, we have a single device 
performing clock-distribution, and can assume 
all jitter is added at that point. An approximation 
of the maximum noise-voltage that the 
SC3508Q-1 can see at its power pins can be 
derived from: 


Max Jitter ~ Slew,,.. * Vaciseio- (11) — 
where, 


Slew... is the slowest (largest) slew rate 


max 


in nsec/volt. 


V roise(p-p) 1S the peak to peak noise voltage. 


This was “derived” by examination of Figure 5. 
Assuming the signal into the SC3508-1 climbs 
4V in 5 nsec (typical for many crystal oscilla- 
tors), 


0.085 nsec = (5nsec/4V) * V 
V = 68mV 


noise(p-p) 


noise(p-p) 
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This is an aggressive but achievable noise-volt- 
age level at the pin of the SC3508Q-1. To 
achieve this, noise reduction methods must be 
used, such as including suitable bypass capaci- 
tors. A detailed discussion of noise-voltage re- 
duction is beyond the scope of this note. Notice, 
however, that employing a crystal oscillator with 
faster edges increases the allowable noise volt- 
age. 


Configuring the SC3508Q-1 


The data sheet provides detailed information on 
configuring the various inputs of the SC3508Q- 
1. The CLOCK SEL pin must be tied either low 
for a TTL source or high for an ECL source. 
Since the clock must toggle during power up 
(c.f. Section 2.2), the RESET input of the 
SC3508Q-1 can be tied high (inactive). Finally, 
source series termination is provided within the 
$SC3508Q-1 to match the output drivers to lines 
with characteristic impedences in the range of 
50 to 75 ohms. The patented output drivers also 
prevent undershoot and thereby reduce noise at 
the receiving chip input. The result is that the 
SC3508 provides 20 outputs with excellent sig- 
nal integrity. 


A Word About Serpentine Delays 


Through out this design example we have as- 
sumed that the clock net lengths are matched. 
A typical method of accomplishing this to ser- 
pentine clock nets which need additonal length. 


The reader is cautioned that serpentining can 
have an effect on the propagation rate of a net. 
In Reference 2, this effect is described and illus- 
trated with measurement. 


4. EXTENSIONS TO THE DESIGN 
EXAMPLE 


Our example was for a “typical” Pentium system. 
There are two significant extensions that can be 
made to this example: 


1. Divided synchronous systems 
2. Larger systems 
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4.1. 


In a divided synchronous system, the CPU mod- 
ule (12 loads) runs at 66-MHz and all of the 
circuitry external to the CPU module runs at 33- 
MHz. The memory bus controller will need one 
or two copies of both clocks to coordinate com- 
munication between the two timing environ- 
ments. If our example design were converted to 
a divided synchronous system, we would need 
to select a clock buffer capable of providing an 
appropriate number of copies both clock fre- 
quencies. The AMCC SC3500Q-1 can fill this 
role. The SC3500’s outputs are arranged in 
three groups (10, 5, & 5 pins), each of which can 
be operated at various relationships to the input 


as follows: 
Relationship to Output 
Fa 10 outputs at Finouy/2 
(max = 80 MHz) 
9 outputs at Fippy/2 OF Finour/4 
5 outputs at Finnyd/4 OF Finpu/8 


Therefore, we can convert our example to a di- 
vided synchronous system using an SC3500 as 
follows: 


1. Drive the buffer with a 133MHz source. 


2. Configure Fa and Fb groups for 66MHz 
(15 clock signals) 


Divided Synchronous Systems 


11 loads in CPU module (as previous) 
4 clock signals available for MBC 


3. Configure Fc group for 33-MHz (5 clock 
signals) 


Figure 13 shows this configuration. The analysis 
of tolerancing for this new arrangement would 
be similar to what was shown in our original ex- 
ample. 


Figure 13. 


133 MHz 
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4.2. Larger Systems 


When the number of loads in a system exceeds 
the number of pins on the clock buffer em- 
ployed, it is necessary to move to a tree-struc- 
tured clock-distribution network to fan out the 
signals. When this is the case, the tradeoffs and 
the analysis are more complicated. The most 
noteable effect is that part-to-part buffer toler- 
ances come into play. In even larger systems, 
cascaded part-to-part tolerances come into play. 
A complete discussion of these issues goes be- 
yond the scope of this note. References 1 and 2 
cover this subject in more depth. We will, how- 
ever, provide some guidelines: 


1. Exploit locality (i.e. the commonality of 
clock paths) in signal groups where 
tolerancing requirements are tight. For 
example, drive all of the loads in the 
CPU module from a single SC3508Q-1 
to keep the part-to-part tolerances out of 
tolerances expressions. 


2. Align the mean delays of all clock paths. 


Figure 14 shows a mid-sized Pentium clock dis- 
tribution network. It takes advantage of the re- 
duced tolerancing among the outputs of the Fa 
group (250 psec). 
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5. SUMMARY 
This note has presented a detailed example of 


clock-distribution in a typical Pentium design us- 


ing AMCC's SC3508Q-1 clock driver. This ex- 
ample discussed the most important design 
decisions, and extended the example to other 
common design cases. As we saw, many of the 
timing-environment design methods previously 
necessary only in larger and faster computers 
are now necessary in Pentium systems. _ 


Even with these constraints, this application 
note shows that the SC3508Q-1 can be used in 
Pentium systems to create a statistically stable 
design. With twenty outputs, a low-skew design, 
and its no-undershoot drivers, the SC3508Q-1 
allows the engineer to design a clock distribution 
scheme that will satisfy the rigorous require- 
ments of the Pentium chips. 


$C3508 
e 


Figure 14. 


CPU 
Module || 


MBC 


SC3508 


To other loads 
in system 
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CoNTENTS 


CLOCK DRIVER PACKAGE SPECIFICATIONS 
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52-PIN PQFP MECHANICAL DIMENSIONS 


52 PQFP 
14 x 14 x 2.0 x 3.2mm 


\z 1 INDICATOR 


STANDOFF 
0.25 MIN. 


LEAD COPLANARITY 6 


SEATING PLANE 


0.17 MAX 


.68 
+.15/—.10 
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92-PIN PQFP MECHANICAL DIMENSIONS 


52 PQFP LANDPATTERN 
14 x 14 x 2.0 x 3.2mm 


075 
1.90 


© 
NO 


| at lt 


on 
O 
0 


PEUUUEEt [ss 
1.0 


15 
18.2 


UNITS —— NOMINAL DIMENSIONS 
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52-PIN PQFP THERMAL CHARACTERISTICS 
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28-PIN SOIC MECHANICAL DIMENSIONS 


C8 SOIC ¢300" BODY) 


LEAD COPLANARITY 
ATING PLANE 


hs 050 PITCH TYP 
018 TYP 
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UNITS NEES NOMINAL DIMENSIONS 
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28-PIN SOIC MECHANICAL DIMENSIONS 


TEST BOARD CONTAINS 
1 GROUND PLANE 
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| ConTENTS | 


5V CLOCK GENERATORS AND SYNTHESIZERS 
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$4402/$4403 BiCMOS PLL CLOCK GENERATORS 


FEATURES APPLICATIONS 
e Generates six clock outputs from 20 MHz to e CMOS ASIC Systems 
80 MHz (the S4403 generates ten outputs and e High-speed Microprocessor Systems 


HFOUT generates 10MHz to 40MHz) 
e 21 selectable phase/frequency relationships for 
the clock outputs GENERAL DESCRIPTION 


e Compensates for clock skew by allowing output 
delay adjustment down to 3.125 ns increments The $4402/S4403 BiCMOS clock generators allow 
the user to generate multiphase TTL clocks in the 


e Backplane Clock Deskew and Distribution 


* TTL outputs have less than 400 ps maximum 10-80 MHz range with less than 400 ps of skew. Use 
skew of a single off-chip filter allows an entire 160-320 
e Lock Detect output indicates loop status MHz phase-locked loop (PLL) to be implemented on- 
e Internal PLL with VCO operating at 160 to chip. Divide-by-two and times-two outputs allow the 
320 MHz ability to generate output clocks at half, equal to, or 


twice the reference clock input frequency. By using 
the programmable divider and phase selector, the 
user can select from up to 21 different output rela- 


¢ Test Enable input allows VCO bypass for open- 
loop operation in board test 


e Maximum 1.0 ns of phase error (750 ps from tionships. The outputs can be phase-adjusted in in- 
part to part) crements as small as 3.125 ns to tailor the clocks to 

¢ Proven 1.0 micron BiCMOS technology exact system requirements. 

¢ Single +5V power supply operation Implemented in AMCC’s proven 1.0 micron BiCMOS 

e 28/44 PLCC packages technology, the S4402 generates six TTL outputs, 


while the $4403 provides those six plus four dupli- 
cates (FOUTOA—FOUTS3A) for a total of ten. Output 
enables are provided for the various banks, allowing 
clock control for board and system tests. 


Figure 1. Clock Generator Block Diagram 


REFCLK PHASE LOCK 
DETECTOR 


CHARGE 
NOTE: FOUTOA, FOUTIA, FBCLK Siac FILTER 


FOUT2A, FOUTSA, and 


OUTEN2 apply only to the 
$4403. Peo : X2FOUT 


FOUTOA 
DIVIDER 


AND 
PHASE 
CONTROL 


FOUTIA 
TSTEN LOGIC ‘ 


Digital DIVSEL - 
+5V ——> PHSELO 


FOUT2A 


ov ——> PHSEL1 
RESET >— FOUT3A 


Analog OUTENO 
+5V ——> OUTEN1 


ve OUTEN2 
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FUNCTIONAL DESCRIPTION 


Frequency and Phase Controls 


The $4402/S4403 clock generators provide multiple 
outputs that are synchronized in both frequency and 
phase to a periodic clock input. Two select pins and 
an external feedback path allow the user to phase- 
adjust the six outputs (FOUTO—FOUT3, HFOUT, and 
X2FOUT) relative to the input clock REFCLK, as well 
as control their frequency. 


The DIVSEL input controls the programmable divider 
that follows the voltage controlled oscillator (VCO). 
This doubles the lock range of the PLL by allowing 
the user to select a VCO frequency divided by four 
(DIVSEL Low) or by eight (DIVSEL High). 


The frequency of the four FOUTO—FOUTS outputs 
(and the duplicate set of the four FOUTOA-— 
FOUT3A outputs on the S4403) is determined by 
the REFCLK clock frequency and the output that is 
tied back to the FBCLK input. In addition, the 
X2FOUT TTL output provides a clock signal identi- 
cal to the FOUTO output in the divide-by-four 
mode, and twice the FOUTO frequency (maximum 


frequency of 80 MHz) in the divide-by-eight mode. | 


The HFOUT TTL output provides a clock signal 
that is in phase with the FOUTO output, but at half 
the FOUTO frequency in both the divide-by-four 
and divide-by-eight modes. Refer to the Output 
Select Matrix in Table 3 for the specific relation- 
ships. 


Phase adjustments can be made in increments as 
small as 3.125 ns. The minimum phase delay be- 
tween FOUTO—FOUTS signals is a function of the 
VCO frequency. The VCO frequency can be deter- 
mined by multiplying the output frequency by the di- 
vide-by ratio of four or eight, controlled by DIVSEL. 
The minimum phase delay t is equal to the period of 
the VCO frequency: 


t=1/VCO freq 


Since the VCO can operate in the 160 MHz to 
320 MHz range, minimum phase delay values can 
range from 6.25 ns to 3.125 ns. Table 1 shows vari- 
ous FOUT/VCO frequencies and the associated 
phase resolution. 


The PHSEL1 and PHSELO inputs allow the user to 
select several phase relationships among the four 
FOUTO-FOUTS TTL clock outputs. These choices 
can be seen in Table 2, and the Output Select 
Matrix provided in Table 3 describes the 21 output 
configurations available to the user. The two “Se- 
lect Pins” columns specify the signal levels on the 
pins PHSELO and PHSEL1. These are active High 
signals. The column entitled “Output Fed to 
FBCLK” indicates which output (FOUTO—FOUTS, 
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HFOUT, or X2FOUT) is externally connected to 
the feedback input (FBCLK) to produce the result- 
ing waveforms shown in the appropriate row in the 
table. The last seven columns specify the resulting 
phase and frequency relationships of each output 
to the user clock input (REFCLK). A negative value 
indicates the time by which the output rising edge 
precedes the input (REFCLK) rising edge. A posi- 
tive value is the time by which the rising edge of 
the output follows the rising edge of the input 
clock. 


Table 1. Example Phase Resolution 
FOUTO-3 | Divider vco Min Phase 


| 200MHz | 5.0ns_ 
| 8 | 320MHz | 8.125 ns 
| 8 | 26eMHz | 8.75ns 
ee 
eee al 


200MHz_ | 5.0ns 
160 MHz 


Table 2. Phase Selections 


PHSEL1 | PHSELO Phase Relationship 


1 FOUTO—FOUTS3 outputs skewed by 
90 degrees from each other 


hae Oecd 
FOUT1 leads FOUTO by minimum 
phase, FOUT2 lags FOUTO by 
minimum phase, and FOUTS lags 
FOUTO by 90 degrees 


1 FOUT1 lags FOUTO by minimum 
phase, FOUT2 lags FOUT1 by 
minimum phase, and FOUTS lags 
FOUT2 by minimum phase 


In a typical system, designers may need several 
low-skew outputs, one early clock, one late clock, 
a clock at half the input clock frequency, and one 
at twice the input clock frequency. This system re- 
quirement can be met by setting PHSEL1 to 1, 
PHSELO to 0, and feeding back FOUTO to the 
FBCLK input (Row 10 of Table 3). The result is 
that FOUTO will be phase-aligned to REFCLK, 
FOUT1 will lead REFCLK by a minimum phase 
delay, FOUT2 will lag REFCLK by a minimum 
phase delay, FOUTS3 will phase-lag REFCLK by 
90°, HFOUT will be phase-aligned with REFCLK 
but at half the frequency, and X2FOUT will be ei- 
ther phase-aligned at the same frequency as the 
reference clock if DIVSEL = 0, or at twice the fre- 
quency if DIVSEL = 1. 


Several other waveform examples and typical appli- 
cations are provided on pages 7-8 and 7-9. 


laa 


Example: 


Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 © (619) 450-9333 


BiCMOS PLL CLOCK GENERATOR 


Enabling Outputs 


The $4402 has two output-enable inputs that con- 
trol which outputs toggle. (The S4403 has three 
output-enable inputs.) When held LOW, OUTENO 
controls the frequency doubler output X2FOUT 
and the half-frequency output HFOUT. OUTEN1 
controls the FOUTO—FOUTS outputs. The third in- 
put on the S4403, OUTEN2, controls the duplicate 
set of four outputs FOUTOA-FOUT3A. When an 
output enable pin is held High, its associated out- 
puts are disabled and held in a High state. 


Filter 


The FILTER output is a tap between the analog out- 
put of the phase detector and the VCO input. This pin 
allows a simple external filter (Figure 2) to be in- 
cluded in the PLL. AMCC recommends the use of the 
filter component values shown. This filter was chosen 
for its ability to reduce the output jitter and filter out 
noise on the REFCLK input. The filter components 
should be in surface mounted packages with mini- 
mum lead inductance. 


Figure 2. External PLL Filter 


Reset 


When the RESET pin is pulled low, all the internal 
states go to zero one clock cycle (from the VCO or 
REFCLK in the test mode) before the outputs go low. 
After the chip is reset, the PLL requires a 
resynchronization time of <5ms before lock is again 
achieved. | 


Lock Detect 


A lock detect function is provided by the LOCK out- 
put. When REFCLK and FBCLK are within 2—4 ns of 
each other, the PLL is in lock, and the LOCK output 
goes High. 
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Power Supply Considerations 


Power for the analog portion of the S4402/S4403 
chips must be isolated from the digital power supplies 
to minimize noise on the analog power supply pins. 
This isolation between the analog and digital power 
supplies can be accomplished with a simple external 
power supply filter (Figure 3). The analog power 
planes are connected to the digital power planes 
through single ferrite beads (FB1 and FB2) or induc- 
tors capable of handling 25 mA. The recommended 
value for the inductors is in the range from 5 to 
100uH, and depends upon the frequency spectrum of 
the digital power supply noise. The ferrite beads 
should exhibit 75Q impedance at 10 MHz. 


Decoupling capacitors are also very important to mini- 
mize noise. The decoupling capacitors must have low 
lead inductance to be effective, so ceramic chip ca- 
pacitors are recommended. Decoupling capacitors 
should be located as close to the power pins as physi- 
cally possible. And the decoupling should be placed 
on the top surface of the board between the part and 
its connections to the power and ground planes. 


Figure 3. External Power Supply Filter 


FB1 


ANALOG _— DIGITAL +5V 
O1urF = 10HF | 


Tantalum 
: (optional) 


ANALOG GND DIGITAL GND 


Test Capabilities 


The TSTEN input puts the S$4402/S4403 into a test 
mode and allows users to bypass the VCO and pro- 
vide their own clock through the REFCLK input. 
When TSTEN is High, the VCO is turned off and the 
REFCLK signal drives the divider/phase adjust cir- 
cuitry, directly sequencing the outputs. The TSTEN 
and REFCLK inputs join the divider circuitry after the 
initial divide-by-two stage. Therefore, REFCLK is di- 
vided by two in the divide-by-four mode and divided 
by four in the divide-by-eight mode. 
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PIN DESCRIPTIONS 


Input Signals 


REFCLK. Frequency reference supplied by the user 
that, along with the output tied to the FBCLK input, 
determines the frequency of the FOUTO—-FOUTS out- 
puts. Also replaces the VCO output when TSTEN is 
high (after first divide-by-two stage in divider phase 
control logic). See TSTEN. 


FBCLK. Feedback clock that, along with the 
REFCLK input, determines the frequency of the 
FOUTO—FOUTS3 outputs. One output is selected to 
feed back to this input. (See Table 3.) 


DIVSEL. Controls the divider circuit that follows the 
VCO. When DIVSEL is low, the VCO frequency is 
divided by four. When DIVSEL is high, the VCO fre- 
quency is divided by eight. (See Tables 1 and 3.) 


PHSELO. This input, along with PHSEL41, allows se- 
lection of the phase relationship among the four 
FOUTO—FOUTS3 outputs. See Tables 2 and 3 for the 
selection choices. 


PHSEL1. Along with PHSELO, allows selection of the 
phase relationship among the four FOUTO-FOUT3 
outputs. See Tables 2 and 3 for the selection 
choices. 


OUTENDO. Active Low. Output enable signal that con- 
trols which outputs toggle. Controls the frequency 
doubler output (X2FOUT) and the half-frequency out- 
put (HFOUT). 


OUTENT1. Active Low. Output enable signal that con- 
trols which outputs toggle. Controls the FOUTO-— 
FOUTS outputs. 


OUTENZ2. ($4403 only.) Active Low. Controls the 
duplicate set of outputs to FOUTO-FOUTS3 
(FOUTOA, FOUT1A, FOUT2A, AND FOUTS3A). 


RESET. Active Low. Initializes internal states for test 
purposes. 


TSTEN. Active High. Allows REFCLK to drive the 
divider phase adjust circuitry, after the first divide-by- 
two stage. Therefore, REFCLK is divided by two in 
the divide-by-four mode, and divided by four in the 
divide-by-eight mode, and used to directly sequence 
the outputs. 


BiCMOS PLL CLOCK GENERATOR 


Output Signals 


FILTER. A tap between the analog output of the 
phase detector and the VCO input. Allows a simple 
external filter (a single resistor and one a to 
be included in the PLL. 


X2FOUT. Provides a clock signal identical to the 
FOUTO output in the divide-by-four mode and twice 
the FOUTO frequency (maximum of 80 MHz) in the 
divide-by-eight mode. 


FOUTO. Clock output. 
FOUT1. Clock output. 
FOUT2. Clock output. 
FOUTS. Clock output. 


HFOUT. Provides a clock signal in phase with the 
FOUTO output, but at half the FOUTO frequency in 
both the divide-by-four and divide-by-eight modes. 


LOCK. Goes high when REFCLK and FBCLK are 
within 2-4 ns of each other, demonstrating that the 
PLL is in lock. 


FOUTOA. (S4403 only.) Clock output—duplicates 
FOUTO. 


FOUTIA. (S4403 only.) Clock output—duplicates 
FOUT1. 


FOUT2A. (S4403 only.) Clock output—duplicates 
FOUT2. 


FOUT3A. (S4403 only.) Clock output—duplicates 
FOUTS. 
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Table 3. Output Select Matrix 


Configuration cued Output Fed | Output Phase Relationships 
Number to FBCLK | +4 | +8 | 
PHSEL1)/PHSELO FOUTO 


[FOUTO [FOUT! | FOUT2 [FOUTS | HFOUT | X2FOUT 
ap to | | Fouto-rours} on | oo | lo | |e | 2m | 
eros a | 2 | ay | a) 0a) | 40) 
rsd oo xerouree) | oe | oe | op | oe [oa | 0 
[si ot routed oP | | aa] oe | oy 
fs td pours id fo | eo a | 
a TD 
[7 touts ida fe af | sae fsa facsay | 
a a 
eS ot | 0 
eS eas A RS EF RST A A CTT 
hai trou a te 
he td roe id et |e 
nai outs id | nt | en |) ef -0 fac 
a our ay | ay | ey | ay | 0 2) | a 
oso xara) [0 |e [ef a | oe 
et a rom. fo) a ae | eo] co 
Mi ie Me rou ee | ea 
he route et fate at 2a 
a a ce = 
feo trout day ay ey ay | Pa | ao) | 
fait trout [oe | |e [ae [os | Lo 


1. “O” implies the output is aligned with REFCLK. 

2. “t’ implies the output lags REFCLK by a minimum phase delay. 

3. “Q” implies the output lags REFCLK by 90° of phase 

4. “-t’ implies the output leads REFCLK by a minimum phase delay. 
5. “—Q” implies the output leads REFCLK by 90° of phase. 

6. “2()” implies the output is at twice the frequency of REFCLK. 


Legend 


Table Wavef Table Wavef Table Waucioan 
entry coubediealld entry averorm entry avert 


Reels 
REFCLK 


—90° 0° 90° 180° 


Applied Micro Circuits Corporation ) 
6195 Lusk Blvd., San Diego, CA 92121 © (619) 450-9333 Page 7-7 


$4402/S4403 | | ss EXAMPLES 


Figure 4. Configuration Examples 
FBCLK = FOUTO cals 
PHSEL1 =0 FOUTO 
PHSELO =0 
FOUT1 
FOUT2 
FOUTS 
HFOUT 
(DIVSEL = 0) X2FOUT 


(DIVSEL = 1) X2FOUT 


FBCLK = HFOUT REPENS 


PHSEL1 = 0 FOUTO 
PHSELO = 0 

FOUT1 

FOUT2 

FOUT3 

HFOUT 

(DIVSEL = 0) X2FOUT 


(DIVSEL = 1) X2FOUT 


FBCLK = HFOUT 
PHSEL1 = 1 
PHSELO = 1 FOUTO 


REFCLK 


FOUT1 
FOUT2 
FOUT3 


HFOUT 


(DIVSEL = 0) X2FOUT 


(DIVSEL = 1) X2FOUT 
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TYPICAL APPLICATIONS 


The S4402/S4403 chips are designed to meet a 
large variety of system clocking requirements. Sev- 
eral typical applications are provided below. 


Application 1. High-Frequency, Low-Skew Clock 
Generation 


One of the most basic capabilities of the S4402/ 
$4403 devices is generating multiple phase- 
aligned low-skew clocks at various multiples of the 
input clock frequency. For example, in a multiple- 
board system a half-frequency clock can be gener- 
ated for use across the backplane, where it is 
simpler to route a low-speed signal. This signal 
can then be doubled on the boards, and synchro- 
nization will be maintained. 


Application 2. Low-Skew Clock Distribution 


One common problem in clocking high-speed sys- 
tems is that of distributing several copies of a sys- 
tem clock while maintaining low skew throughout 
the system. The S4402/S4403 devices guarantee 
low skew among all the clocks in the system, as 
they have effectively zero delay between their in- 
put and output signals, with an output skew of less 
than 400 ps. The user can also adjust the phases 
of the outputs in increments as small as 3.125 ns, 
for load and trace length matching. 


Application 3. Delay Compensation 


Since the relative edges of the S4402/S4403 out- 
puts can be precisely controlled, these chips can 
be used to compensate for different delays due to 
trace lengths or to internal chip delays, simplifying 
board layout and bus timing. In the example 
shown, the two ASICs have a difference of several 
nanoseconds in their propagation delays. The 
$4402s ensure that the output signals are aligned, 
so that the data valid uncertainty on the com- 
mon bus is minimized. 
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Clock Outputs 

at twice, equal to, 
or half the 

input frequency 


REFCLK 


$4402 


ae 


XTAL REFCLK REFCLK 
$4402 $4402 


py REFCLK b REFCLK 
$4402 $4402 


Common bus 
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ABSOLUTE MAXIMUM RATINGS Commercial 


Operating Temperature 0°C to 70°C ambient 
Operating Junction Temperature TJ + 130°C 
Storage Temperature —65°C to +150°C 


RECOMMENDED OPERATING CONDITIONS 


Commercial 


Parameter 
TTL Supply Voltage (VCC) 


Operating Temperature 


Junction Temperature 


DC CHARACTERISTICS 


DC Test Conditions 


Guaranteed input HIGH voltage for 
all inputs 
Guaranteed input LOW voltage for 
all inputs 


Input clamp diode voltage VCC = Min, liIN =-18mA 


lOH = -12mA3 (COM 2. 
Output HIGH voltage Voc = Min OH = “t2mAe (COM) 
IOH = -24mA3 (COM) 


Output LOW voltage Voc = Min lOL = 24mA3 (COM) 


OUTEN2 
Input HIGH current VCC = Min, VIN = 2.4V 
Other 


Input HIGH current at max Voc = Max, VIN=Vcoc 
OUTEN2 
VCC = Min, VIN = 0.5V JOUTEN2 | 
Other 
VCC = Max, VOUT = OV -25 
VCC = Max COM 


VLOAD = 25pF at 50 MHz 
1. Typical limits are at 25°C, V. = 5.0V. 


2. These input levels should only be tested in a static, noise-free environment. 

3. lon/lo_ values indicated are for DC test correlation. Actual dynamic currents are 
significantly higher and are optimized to balance rise and fall times. 

4. Maximum test duration is one second. 
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Table 4. AC Specifications 


Symbol 


REFCLK Frequenc ae 
REFCLK Minimum Pulse Width | 70 


$4402/3-66 $4402/3-80 


Phase Error between REFCLK and FBCLK 


6 

1 
[tee __| Phase Error between REFCLK and FBCLK _| 
[teco | Phase Error Difference from Partto Pant’ | 0 
tow | Output skew®@ | 
toc | Output Duty cycie®@ | 
itor | = FOUTFrequencys | 20 
fucous | HOUT Frequency! | 10 


206 | 160 
Eee! 
| 6.0 
a 
| 750 | 0 
| 400 
| 66 
es | 40 | 
[tes | __ Nominal Phase shiftincrement_ | 375 | 625 | 3.125 
| +250 | 
ease 


160 MHz 
io | 80 | Miz 
ee 

| 40 | oo | 

| 0 | 400 | 

? 

| 20 | 80 | Me 

Miz 
40 | go | MHz 


tore __| _TpdOUTENO-2toFOUTs, Enable | 2 | 
Input Rise/Fall Time Lae 
ae FOUT Rise/Fall Time® 
Loop Acquisition Time’ 


ie. Clock Stability’ 


. Difference in phase error between two parts at the same voltage, temperature and frequency. 

. Output skew guaranteed for equal loading at each output. 

. Outputs loaded with 35pF, measured at 1.5V. 

CLoap = 35 pF. 

. All phase shift increments and variation are measured relative to FOUTO at 1.5V. 

. With 35 pF output loading (0.8 V to 2.0 V transition). 

. Depends on loop filter chosen. (Number given is for example filter.) 

. Clock period jitter with all FOUT outputs operating at 66 MHz and loaded with 25pF using loop filter 
shown. Parameter guaranteed, but not tested. 


toc 
; 
fie 
Phase Shift Variation® +250 
tor Tpd OUTENO-2 to FOUTs, Disable 
tore ; 
torr 


-ONOMARWONM= 


Figure 5. Timing Waveforms 


REFCLK 


FOUTO-3 
HFOUT, X2FOUT 


FOUTO-3 
HFOUT, X2FOUT 


OUTENO-2 
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BOARD LAYOUT CONSIDERATIONS 


e The S4402/S4403 chips are sensitive to noise on 
the Analog +5 V and Filter pins. Care should be 
taken during board layout for optimum results. 


e Ail decoupling capacitors (C1—C4 = 0.1 wF) should 
be bypassed between VCC and GND, and placed as 
close to the chip as possible (preferably using ce- 
ramic chip caps) and placed on top of board between 
$4402/S4403 and the power and ground plane con- 
nections. 


Figure 6. Board Layout (S4402 shown) 
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e No dynamic signal lines should pass through or 
beneath the filter circuitry area (enclosed by dashed 
lines in Figure 6) to avoid the possibility of noise due 
to crosstalk. 


¢ The analog VCC supply can be a filtered digital 
VCC supply as shown below. The ferrite beads or 
inductors, FB1 and FB2, should be placed within 
three inches of the chip. 7 


¢ The analog VCC plane should be separated from 
the digital VCC and ground planes by at least 1/8 
inch. 


No signals should pass through 
the area enclosed by dashed lines 
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BiCMOS PLL CLOCK GENERATOR $4402/S4403 


Figure 7. $4402 28 PLCC Package and Pinout 


=|") REFCLK 


25|_| DIVSEL 
24{ | PHSELO 
23| | PHSEL1 
S4402A 22|_| GND-ANALOG 
21|_]+5V ANALOG 
FOUTO [7] 10 20|_}| +5V ANALOG 
19[ ] FILTER 


wn 
a 


OUTENO [| 
OUTEN1 [| 


Al 


All dimensions nominal in inches. 


28 PLCC Thermal Resistance 


100 Linear Ft./Min 200 Linear Ft./Min 
50°C/Watt 45°C/Watt 


60°C/Watt 
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Figure 8. $4403 44 PLCC Package and Pinout 


>[_JFOUT3A 


38 [7] DIVSEL 
37 {_] PHSELO 
36 [7] PHSEL1 
$4403B 
34 [~] GND-ANALOG 
FOUTIA [[] 13 33 [-] +5V ANALOG 
FOUT! [[] 14 32 [_]+5V ANALOG 
FOUTOA [“] 15 31 [_] FILTER 
FOUTO [_] 16 


~ 
S 


OUTENO [| 
OUTEN1 [7] 


All dimensions nominal in inches. 


Ordering Information 


AMCC clock driver products are available in several output skew and shipping configurations. 
The order number is formed by a combination of: e Device Number 

e Package Type 

e Speed Option 

e Optional Shipping Configuration 


$4402/03 


Optional Shipping Configuration 
Blank = tube 


/D = dry pack 

/TD = tape, reel and dry pack 
Speed Option 

— 66 = 66 MHz 

— 80 = 80 MHz 


Package Option 
A = 28-pin PLCC (S4402) 
B= 44-pin PLCC (S4403) 
Device Number 
$4402 
Example: S4402A-66/D $4403 
28-pin PLCC package, shipped dry packed in the standard tube. 
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DEVICE SPECIFICATION 
BiCMOS PECL CLOCK GENERATOR 


FEATURES 


Generates six clock outputs from 20 MHz to 80 
MHz (HFOUT operates from 10 MHz to 40 MHz) 


Allows PECL or TTL reference input 


Provides differential PECL output at up to 160 
MHz 


21 selectable phase/frequency relationships for 
the clock outputs 


Compensates for clock skew by allowing output 
delay adjustment down to 3.125 ns increments 


TTL outputs have less than 400 ps maximum 
skew 


Lock Detect output indicates loop status 


Internal PLL with VCO operating at 160 to 320 
MHz 


Test Enable input allows VCO bypass for open- 
loop operation 


Maximum 1.0 ns of phase error (750 ps from 
part to part) 


Proven 1.0 micron BiCMOS technology 
Single +5V power supply operation 
44 PLCC package 


Figure 1. Clock Generator Block Diagram 


TTLREF 


PECLREFP 
PECLREFN 


R L 
ee PHASE 


CHARGE 


PUMP 
INPSEL 


Digital DIVSEL 


+5V ——> PHSELO 


PHSEL1 
RESET 


ov ——> 


OUTENO 
OUTEN1 
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Ea 


APPLICATIONS 


e CMOS ASIC Systems 
e High-speed Microprocessor Systems 
e Backplane Clock Deskew and Distribution 


GENERAL DESCRIPTION 


The $4405 BiCMOS clock generators allow the user 
to generate multiphase TTL clocks in the 10-80 MHz 
range with less than 400 ps of skew. Use of a simple 
off-chip filter allows an entire 160-320 MHz phase- 
locked loop (PLL) to be implemented on-chip. Divide- 
by-two and times-two outputs allow the ability to 
generate output clocks at half, equal to, or twice the 
reference clock input frequency. The reference is se- 
lectable to be either TTL or PECL. By using the pro- 
grammable divider and phase selector, the user can 
select from up to 21 different output relationships. 
The outputs can be phase-adjusted in increments as 
small as 3.125 ns to tailor the clocks to exact system 
requirements. 


Implemented in AMCC’s proven 1.0 micron BiCMOS 
technology, the S4405 generates six TTL outputs 
and one differential PECL output. Output enables are 
provided for the various TTL banks, allowing clock 
control for board and system tests. 


LOCK 


FILTER 


DIVIDER 
AND 
PHASE 
CONTROL 
LOGIC 
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FUNCTIONAL DESCRIPTION 


This BiCMOS clock generator is designed to allow 
the user to generate TTL clocks, in the 10-80 MHz 
range, with less than 400 ps of skew. Implemented 
in AMCC’s 1.04 BiCMOS technology, the internal 
VCO, phase detector, and programmable divider and 
phase selector allow the user to tailor the TTL output 
clocks for his/ner system needs. The internal VCO 
can operate between 160 to 320 MHz, and the pro- 
grammability allows the user to generate TTL output 
clocks in the 10-80 MHz range, and a differential 
+5V referenced ECL output at 80-160 MHz. 


The clock generator offers the user the ability to se- 
lect the appropriate phase relationship among the 
four FOUTO-—3 TTL clock outputs. The phase selec- 
tion choices are shown in Table 2. 


The clock generator also allows the user to choose 
the divide-by ratio between the VCO frequency and 
the frequency of the FOUTO-S signals. The VCO fre- 
quency can be divided by 4 when DIVSEL is low, and 
divided by 8 when DIVSEL is high. The divide ratio 
between the VCO and the pseudo ECL outputs, 
PECLP and PECLN, is a fixed divide-by-2. 


The clock generator also has two output enable in- 
puts which can be used to control which outputs 
toggle. OUTENO controls the HFOUT and X2FOUT 
outputs, and OUTEN1 controls the FOUTO-3 out- 
puts. When the output enables are high, the outputs 
are disabled, and held in a high state. 


REFCLK can be driven by either the TTLREF or 
PECLREF inputs. The reference clock source is se- 
lected with the INPSEL input. When INPSEL is low, 
the TTLREF input is selected as the reference clock. 


The FOUTO-3 outputs are the main TTL output 
clocks that the generator supplies. The frequency of 
these outputs is determined by the REFCLK clock 
frequency and the output clock that is tied to the 
FBCLK input. FOUTO-3 will be equal to REFCLK, 
half of REFCLK, or twice the frequency of REFCLK. 
The X2FOUT TTL output provides a clock signal that 
is identical to the FOUTO output in the divide-by-4 


Table 1. Example Phase Resolution 


FOUTO-3 | Divider | VCO Min Phase 
Freq Select |  Frec Resolution 


66 MHz 266 MHz 
SOMHz | 4 | 200 MHz 


rage [a t60 Me 625 ns 
raomHe [6 | s20 Me | 3125 ne 
raswiz [8 | 266 mz | a 75s 
[2sweiz | 8] 200 mriz | 5.0ns 
Pom: @ | 1oomme | 625ne 
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mode, but twice the FOUTO frequency (max. freq. of 
66 MHz) in the divide-by-8 mode. The HFOUT TTL 
output provides a clock signal that is also in phase with 
the FOUTO output, but at half the FOUTO frequency. » 


FILTER is the analog signal from the phase detector 
going into the VCO. This pin is provided so a simple 
external filter (a single resistor and one capacitor) 
can be included in the phase-locked loop of the clock 
generator. 


The LOCK output goes high when the reference 
clock and FBCLK are within 2-4 ns of each other. 
This output tells the user that the PLL is in lock. 


Three pins are included for test purposes. TESTEN 
allows the chip to use the REFCLK signal instead of 
the VCO output to clock the chip. This is used during 
chip test to allow the counters and control logic to be 
tested independently of the VCO. The RESET pin 
initializes the internal counter flip-flops to zeros, but 
several clock cycles are necessary before the out- 
puts go to a zero state. 


The minimum phase delay between FOUTO-3 sig- 
nals is a function of the VCO frequency. The VCO 
frequency can be determined by multiplying the out- 
put frequency by the divide-by ratio of four or eight. 
The minimum phase delay is equal to the period of 
the VCO frequency: M, = 1/VCO freq. Since the VCO 
can operate in the 160 MHz to 320 MHz range, the 
range of minimum phase delay values is 6.25 ns to 
3.125 ns. Table 1 shows various FOUT/VCO fre- 
quencies and the associated phase resolution. 


The charge pump and VCO portion of the chip use a 
separate analog power supply. This supply is brought 
onto the chip through a distinct set of power and 
ground pins. This supply should be free of digital 


- Switching noise. , 


Example: 


In a typical system, designers may need several low- 
skew outputs, one early clock, one late clock, a clock 
at half the input clock frequency, and one at twice 
the input clock frequency. This system requirement 


Table 2. Phase Selections 


PHSEL1 | PHSELO Phase Relationship 


Outputs skewed by 90 degrees from 
each other 


a 
FOUT1 leads FOUTO by minimum 
phase, FOUT2 lags FOUTO by 
minimum phase, and FOUT3 lags 
FOUTO by 90 degrees 


Outputs skewed by minimum phase 
(determined by the divider selection, 
and the VCO frequency) from each 
other. 


Note: The PECL output is not affected by the phase select inputs. 


Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 © (619) 450-9333 


FUNCTIONAL DESCRIPTION $4405 


can be met by setting PHSEL1 to 1, PHSELO to 0, 
and feeding back FOUTO to the FBCLK input (Row 
10 of Table 3). The result is that FOUTO will be 
phase-aligned to the reference clock, FOUT1 will 
lead the reference clock by a minimum phase delay, 
FOUT2 will lag the reference clock by a minimum 
phase delay, FOUTS3 will phase-lag the reference 
clock by 90°, HFOUT will be phase-aligned with the 
reference clock but at half the frequency, and 
X2FOUT will be either phase-aligned at the same 
frequency as the reference clock if DIVSEL = 0, or at 
twice the frequency if DIVSEL = 1. 


Enabling Outputs 


The S4405 has two output-enable inputs that control 
which outputs toggle. When held LOW, OUTENO 
controls the frequency doubler output X2FOUT and 
the half-frequency output HFOUT. OUTEN1 controls 
the FOUTO-—3 outputs. When an output enable pin is 
held High, its associated outputs are disabled and 
held in a High state. 


Filter 


The FILTER output is a tap between the analog out- 
put of the phase detector and the VCO input. This pin 
allows a simple external filter (Figure 2) to be in- 
cluded in the PLL. AMCC recommends the use of the 
filter component values shown. This filter was chosen 
for its ability to reduce the output jitter and filter out 
noise on the reference clock input. 


Reset 


When the RESET pin is pulled low, all the internal 
states go to zero, but the outputs will not go low until 
one clock cycle later (VCO/2 or period of the refer- 
ence clock). After the chip is reset, the PLL requires 
a resynchronization time before lock is again achieved. 


Lock Detect 


A lock detect function is provided by the LOCK out- 
put. When the selected reference clock and FBCLK 


Figure 2. External PLL Filter 
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are within 2—4 ns of each other, the PLL is in lock, 
and the LOCK output goes High. 


Power Supply Considerations 


Power for the analog portion of the S4405 chips must 
be isolated from the digital power supplies to mini- 
mize noise on the analog power supply pins. This 
isolation between the analog and digital power sup- 
plies can be accomplished with a simple external 
power supply filter (Figure 3). The analog power 
planes are connected to the digital power planes 
through single ferrite beads (FB1 and FB2) or induc- 
tors capable of handling 25 mA. The recommended 
value for the inductors is in the range from 5 to 
100uH, and depends upon the frequency spectrum of 
the digital power supply noise. The ferrite beads 
should exhibit 75Q impedance at 10 MHz. 


Decoupling capacitors are also very important to 
minimize noise. The decoupling capacitors must 
have low lead inductance to be effective, so ceramic 
chip capacitors are recommended. Decoupling ca- 
pacitors should be located as close to the power pins 
as physically possible. And the decoupling should be 
placed on the top surface of the board between the 
part and its connections to the power and ground 
planes. 


BOARD LAYOUT CONSIDERATIONS 


¢ The S4405 is sensitive to noise on the Analog +5 V 
and Filter pins. Care should be taken during board 
layout for optimum results. 


e All decoupling capacitors (C1—-C4 = 0.1 uF) should 
be bypassed between VCC and GND, and placed as 
close to the chip as possible (preferably using ce- 
ramic chip caps) and placed on top of board between 
$4405 and the power and ground plane connections. 


e No dynamic signal lines should pass through or 
beneath the filter circuitry area (enclosed by dashed 
lines in Figure 4) to avoid the possibility of noise due 
to crosstalk. | 


Figure 3. External Power Supply Filter 
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$4405 PIN DESCRIPTIONS 


¢ The analog VCC supply can be a filtered digital 
VCC supply as shown below. The ferrite beads or 
inductors, FB1 and FB2, should be placed within 
three inches of the chip. 


¢ The analog VCC plane should be separated from the 
digital VCC and ground planes by at least 1/8 inch. 


Figure 4. Board Layout 


Test Capabilities 


The TSTEN input allows users to bypass the VCO and 
provide their own clock through the selected reference 
clock input. When TSTEN is High, the VCO is turned 
off and the REFCLK signal drives the divider/phase 
adjust circuitry, directly sequencing the outputs. The 
TSTEN and REFCLK inputs join the divider circuitry 
after the initial divide-by-two stage. Therefore, REFCLK 
is divided by two in the divide-by-four mode and di- 
vided by four in the divide-by-eight mode. 


PIN DESCRIPTIONS 


Input Signals 


TTLREF. TTL. Frequency reference supplied by the 
user that, along with the output tied to the FBCLK 
input, determines the frequency of the FOUTO- 
FOUTS outputs. INPSEL is used to select between 
this reference and the PECL reference PECLREFP/N. 


PECLREFPIN. Differential PECL. Frequency refer- 
ence supplied by the user. Selectable by the INPSEL 
input. 


FBCLK. Feedback clock that, along with the refer- 
ence clock input, determines the frequency of the 
FOUTO-FOUTS3 outputs. One output is selected to 
feed back to this input. (See Table 3.) 


DIVSEL. Controls the divider circuit that follows the 
VCO. When DIVSEL is low, the VCO frequency is 
divided by four. When DIVSEL is high, the VCO fre- 
quency is divided by eight. (See Tables 1 and 3.) 
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PHSELO. This input, along with PHSEL1, allows se- 
lection of the phase relationship among the four 
FOUTO—-FOUTS outputs. See Tables 2 and 3 for the 
selection choices. 


PHSEL1. Along with PHSELO, allows selection of the 
phase relationship among the four FOUTO—FOUT3 
outputs. See Tables 2 and 3 for the selection 
choices. 


OUTENO. Active Low. Output enable signal that con- 
trols which outputs toggle. Controls the frequency 
doubler output (X2FOUT) and the half-frequency out- 
put (HFOUT). 


OUTENT1. Active Low. Output enable signal that con- 
trols which outputs toggle. Controls the FOUTO— 
FOUTS outputs. 


RESET. Active Low. Initializes internal states for test 
purposes. 


TSTEN. Active High. Allows REFCLK to drive the 
divider phase adjust circuitry, after the first divide-by- 
two stage. Therefore, REFCLK can be divided by two 
in the divide-by-four mode, and divided by four in the 
divide-by-eight mode, and used to directly sequence 
the outputs. 


INPSEL. Allows user to select between TTLREF and 
PECLREF reference frequencies. When INPSEL is 
High, the PECLREF input is selected. 


Output Signals 


FILTER. A tap between the analog output of the 
phase detector and the VCO input. Allows a simple 
external filter (a single resistor and capacitor) to be 
included in the PLL. 


X2FOUT. Provides a clock signal identical to the 
FOUTO output in the divide-by-four mode and twice 
the FOUTO frequency (maximum of 80 MHz) in the 
divide-by-eight mode. 


FOUTO. Clock output. 
FOUT1. Clock output. 
FOUT2. Clock output. 
FOUTS. Clock output. 
HFOUT. Provides a clock signal in phase with the 


FOUTO output, but at half the FOUTO frequency in © 


both the divide-by-four and divide-by-eight modes. 


PECLPIN. Differential PECL output, always one-half 
the VCO frequency. . 


LOCK. Goes high when the reference clock and 
FBCLK are within 2—4 ns of each other, demonstrat- 
ing that the PLL is in lock. 
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POurPUTSELECTMATAK SOS 


Table 3. Output Select Matrix 
Output Phase Relationships 


FOUTO | FOUT1 | FOUT2 | FOUTS | HEOUT sorour 


PHSEL1|PHSELO 
| Fouro-rours|_ oo | o | oo | o | of | 0 | 2 | 
Parour [a | ao) fay) fa fo a) | 440) 
Preroure [oe [oe | oe foe | oe fo 
hae is 


Configuration Output Fed 


to FBCLK 


a [209-20 [207 
9 | 0 | sa [30 Jaca) 
aaa) | 23a) | 0 | (0) | 4(0)_ 
2qe_| 3a | 04 | | o | 


eae ae 
eee eee eet 
a ee ee 
| =20 | 
| 2(2Q) | 
| a | 202 
Cogs ee 
Eacoelaal 
ee Aa 
Lee 


0 
Cc 
5 
~—_ 


| a | o2 | o | 2 | 
Fenner ee re eee 
E.- e a | at | ove | 4 | ay | 
| Fours, | | -ot | -ot | 0 | -a2 | -a | 29) | 
a) | 2a | 0 | ao) | 40) | 
GR 7 
Courant tt v2 | o | 20) 
[Four = ot vt | oT tt te tt 
| Four2 | mat | Ot | Tt eee at | aay 
ee ee 2(-3t) 
Hour _{ 20) | _aty | 2a} 2a _ 
cr we [8 
Notes: 
1. “O” implies the output is aligned with the reference clock. 
2. ‘“t’ implies the output lags the reference clock by a minimum phase delay. 
3.  “Q” implies the output lags the reference clock by 90° of phase. 
4. “—t’ implies the output leads the reference clock by a minimum phase delay. 
5. “-Q” implies the output leads the reference clock by 90° of phase. 
6. “2()” implies the output is at twice the frequency of the reference clock. 
7.  “/2” implies the output is at half the frequency of the reference clock. 
8. The PECLN/P Differential PECL output is not affected by the PHSEL inputs. 
Legend 


Table 


entry Waveform Waveform 


TTLREF 


90° 0° 90° 180° 
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ELECTRICAL CHARACTERISTICS | 


ABSOLUTE MAXIMUM RATINGS 


RECOMMENDED OPERATING CONDITIONS 


-Pevaretet_—____Mf)__ Nom _/_Mes_ 
TTL Supply Voltage (VCC) az | so | sas | v _ 


Operating Temperature 70 
are (ambient) 


DC CHARACTERISTICS (TTL I/O) 


[Symbol Parameter DO Test Conditions | Min | Typ"] Max | Units 


V2 Input HIGH Voltage (TTL) Guaranteed input HIGH voltage for 20 Vv 
all inputs 

ViL2 Input LOW Voltage (TTL) Guaranteed input LOW voltage for 
all a 


eee 
[vor eupatowvewge OT Mecsme Teusateas] Pos 
a a oc 


Input LOW Current Voc = Min, Vin = 0.5V ican ees . 


ee eee 
a 0 
ocr | Toaligg wanioardsaiy | Cioap=2epratsowe | | | 200 | ma 


DC CHARACTERISTICS (PECL I/O) 


symbol | Parameter | DC Test Conditions | Min’_| Typ] Max_| Units 


Vie Input HIGH Voltage (PECL) Guaranteed input HIGH voltage fete fee) | 
for all inputs 
V2 Input LOW Voltage (PECL) Guaranteed input LOW voltage oe es 
hl Riciadceniee Eien 


[Weo=1980] _[Voo-1685] V_ 


1. Typical limits are at 25°C, V,, = 5.0V. 

2. These input levels provide zero noise immunity and should only be tested in a static, noise-free environment. 

3. low/lo_ values indicated are for DC test correlation. Actual dynamic currents are significantly higher and are optimized to 
balance rise and fall times. 

4. Maximum test duration one second. 


< 


< 
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Table 4. AC Specifications 


toce | = REFOLK Frequency | 10. 
[MPWaee | REFCLK Minimum Pulse Width | 5.0 
tec | Phase Error between TTLREF and FBCLK | -1 | 
tcp [Phase Error between PECLREF and FBCLK | 3 
| teep | Phase Error Difference from Partto Part’ | 0 | 
txew | Output skewer) | 
fe, | PECLPINFrequency | 80 
| trour | FOU Frequency®(rml) | 20 
| fucur | HOUT Frequency? | 10 
| toxeour | __——2xFOUT Frequency? |__| 
tes | 
torp 

tore 

ge 
bed 


3.75 
[toro | _Tpd QUTENO-2 to FOUTs, Disable 
tore | Tpd OUTENO-2 10 FOUTs, Enable | 
bar 


Loop Acquisition Time® 


es 
oon 
Ei 
er 
os 


tlock 


S4405B-66 $4405B-80 
Symbol Description Min | Max 


1. Difference in phase error between two parts at the same voltage, temperature and frequency. 


2. Output skew guaranteed for equal loading at each output. 

3. CLoap = 35 pF. 

4. With 35 pF output loading (0.8 V to 2.0 V transition). 

5. Depends on loop filter chosen. (Number given is for example filter.) 


Figure 5. Timing Waveforms 
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34405 | PACKAGE INFORMATION 


Figure 6. S4405 44 PLCC Package and Pinout 


Za 
ti Wi 
ou. —I 
$320 %58 88828 
ae saan® F oo 29 
PIPTT UTEP IETE y f 
6 5 43 2 1 3 42 4 
D+5V{_)7 39{ }D+5V 
DGND [_| 8 38 [| DIVSEL 
FOUT2 [| 9 37 |_|] PHSELO 
RESET [_| 10 36] PHSEL1 
D+5V {Jj 11 35 [|] TESTEN 


DGND [_} 12 34 [_] AGND 
DGND |_| 13 33 |_| A+5V 
FOUT1 [] 14 32 | ] A+5V 
DGND [1] 15 31 |_| FILTER 


FOUTO[ ] 16 30 |_| NC 
D +5V L_} 17 29! }D+5V 


LS] 
Le) 


PTOI UI Uo LI LI cd 

or a Q 
954582a229%°42 
GOooogo tHE OER SE 


All dimensions nominal in inches. 
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ORDERING INFORMATION 


Ordering Information 


AMCC clock driver products are available in several output skew and shipping configurations. 
The order number is formed by a combination of: e Device Number 

e Package Type 

¢ Speed Option (if applicable) 

e Optional Shipping Configuration 


Optional Shipping Configuration 
Blank = 28 unit tube 

/D = dry pack 

/TD = tape, reel and dry pack 


Speed Option 
— 66 = 66 MHz 
— 80 = 80 MHz 


Package Option 
B = 44-pin PLCC 


Device Number 


Example: S4405B-66/D 
44-pin PLCC package, 66 MHz, dry packed in the standard tube. 
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DEVICE SPECIFICATION 


12-OUTPUT BiCMOS PLL CLOCK GENERATOR 


FEATURES 


¢ Generates outputs from 10 MHz to 66 MHz 
¢ Four groups of three outputs (12 outputs total) 


¢ Eight user-selectable output functions for each 
group 


e TTL compatible outputs, with <1.5-ns edge rates 
¢ Performs clock doubling, dividing, invert, lead/lag 


placement 
e Internal VCO running between 160 to 266 MHz 
e 1.0u BiCMOS technology 
¢ Output skew less than 500 ps 
e 52 PQFP package 


APPLICATIONS 

¢ High-performance microprocessor systems 
e CMOS ASIC systems 

¢ Backplane clock deskew and distribution 

¢ Compatible with Intel’s Pentium™ processor 


Figure 1. S4406 Block Diagram 


REFCLK PHASE 
_ apa 
FBCLK CHARGE 


PUMP 
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GENERAL DESCRIPTION 


The S4406 BiCMOS clock generator provides 12 TTL 
outputs with less than 500 ps of skew. Implemented 
in AMCC’s 1.01 BiCMOS technology, the internal 
PLL and divider/delay selector logic allow the user to 
individually tailor the (4) TTL output groups to the 
system’s needs. The internal VCO can operate be- 
tween 160 to 266 MHz, and the programmability al- 
lows the user to generate output clocks in the 20-66 
MHz range. 


The $4406 offers the user the ability to select the 
appropriate phase and frequency relationship for 
each of the four groups of three TTL clock outputs. 


In addition to clock doubling and inversion functions, 
the S4406 allows any output groups to lead or lag the 
others by the minimum phase delay of 3.75—6.25 ns. 


FILTER 


DIVIDE 
BY 20OR4 
DELAY 
GENERATION 
LOGIC 


0 FOUT 0 
0 FOUT 1 
0 FOUT 2 


MODE S 
SELECTION 1 hee gos 
qaisapie 
i 
\/ 
MODE MS 
SELECTION 2 as 
disable 
i 
\/ 


1 FOUT 0 
1 FOUT 1 
1 FOUT 2 


2 FOUT 0 
2 FOUT 1 
2 FOUT 2 


MODE 
SELECTION 3 


a 
V, 


MODE S 
SELECTION4| =f 


disable 


3 FOUT 0 
3 FOUT 1 
3 FOUT 2 


VVV VVV VVV VV VY 
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FUNCTIONAL DESCRIPTION 


FUNCTIONAL DESCRIPTION 


The 12 xFOUTO-2 outputs are the main TTL output 
clocks that the generator supplies. The mode selec- 
tion choices are shown in Table 1 and waveform defi- 
nitions are given in Figure 2. The “x” represents the 
output group number (1—4). The frequency of these 
outputs is determined by the REFCLK clock fre- 
quency and the output clock that is tied to the FBCLK 
input (xFOUTO—2 can be equal to REFCLK, half of 
REFCLK, or twice the frequency of REFCLK). 


Example: 


In order to meet bus timing specifications for a typical 
system, designers may need three outputs at 66 MHz 
for the system clock and processor, a 33-MHz output 
for the cache controller, and a 33-MHz delayed out- 
put for a memory management unit. This system re- 
quirement can be met using the $4406 by setting the 
mode select pins for the first group of outputs 
(OMS2,1,0) to 111, the second group (1MS2,1,0) to 


Table 1. Mode Selection Options 


| xMS2,1,0| MODE DESCRIPTION |xFOUTO,1,2 
| 000 | Disabled. =| Logical Hi_| 
f—t 


| All three outputs at the 


001 
fundamental output freq- 
| uency, but early by a 


minimum phase delay. 


All three outputs at half 
the fundamental output 
frequency and inverted. 


All three outputs at the 
fundamental output freq- 
uency and inverted. 


All three outputs at half 

the fundamental output 
frequency, but delayed | 
by a minimum phase delay. | 
All three outputs at the 
fundamental output freq- 
uency, but delayed by a 
minimum phase delay. 


All three outputs at half 


the fundamental output 
frequency. 


All three outputs at the 
fundamental output 
frequency. 


Note: If f is fed back, the fundamental frequency is equal to REFCLK. 
If {/2 is fed back, the fundamental frequency is twice REFCLK. 
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110, and the third group (2MS2,1,0) to 101. In this 


configuration, one of the 33-MHz outputs should be 


fed back to the FBCLK input. This example makes 
use of only three of the four output banks, leaving the 
fourth available for any other clock signals needed. 


Filter 


FILTER is the analog signal from the phase detector 
going into the VCO. This pin is provided so a simple 
external filter (a single capacitor and resistor) can be 
included in the phase locked loop of the clock gen- 
erator. See Figure 3. 


Phase Delay 


The minimum phase delay between xFOUTO-2 sig- 
nals is a function of the VCO frequency. The VCO 
frequency can be determined by multiplying the fun- 
damental output frequency by four, or half the funda- 
mental frequency by eight. The minimum phase 
delay is equal to the period of the VCO frequency: t = 
1/(VCO freq). Since the VCO can operate in the 160- 
MHz to 266-MHz range, the range of minimum phase 
delay values is 6.25 ns to 3.75 ns (See Table 2). 


Figure 2. Waveform Definitions 
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BOARD LAYOUT $4406 


Test Capabilities 


TESTEN allows the chip to use the REFCLK input 
instead of the VCO output to clock the chip. This is 
used during chip test to allow the counters and con- 
trol logic to be tested independently of the VCO. In 
addition, when TESTEN is brought High, an internal 
RESET pulse is generated. This initializes the inter- 
nal counter flip-flops to zeros, and at the end of the 
next clock cycle, the outputs go to a zero state. 
TESTEN can also be used for board testing to allow 
the user to control the output clocks from the S4406 
by inputting the board clock to the REFCLK input. 


Table 2. VCO Operating Frequencies 


oe Wet 
xFOUTO-2 FREQ DELAY 


20 MHz 160 MHz 6.250 ns 


The bank containing the output used as feedback 
must be in one of the f/2 modes to ensure the VCO is 
operating within its 160-266 MHz range. 


Power Supply Considerations 


Power for the analog portion of the S4406 chips must 
be isolated from the digital power supplies to mini- 
mize noise on the analog power supply pins. This 
isolation between the analog and digital power sup- 
plies can be accomplished with a simple external 
power supply filter (Figure 4). The analog power 
planes are connected to the digital power planes 
through single ferrite beads (FB1 and FB2) or induc- 


Figure 4. External Power Supply Filter 
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tors capable of handling 25 mA. The recommended 
value for the inductors is in the range from 5 to 
100u.H, and depends upon the frequency spectrum of 
the digital power supply noise. 


Decoupling capacitors are also very important to mini- 
mize noise. The decoupling capacitors must have low 
lead inductance to be effective, so ceramic chip capaci- 
tors are recommended. Decoupling capacitors should 
be located as close to the power pins as physically 
possible. And the decoupling should be placed on the 
top surface of the board between the part and its con- 
nections to the power and ground planes. 


BOARD LAYOUT CONSIDERATIONS 


e The S4406 chips are sensitive to noise on the Ana- 
log +5 V and Filter pins. Care should be taken during 
board layout for optimum results. 


e All decoupling capacitors (C1—-C4 = 0.1 uF) should 
be bypassed between VCC and GND, and placed as 
close to the chip as possible (preferably using ce- 
ramic chip caps) and placed on top of board between 
$4406 and the power and ground plane connections. 


e No dynamic signal lines should pass through or 
beneath the filter circuitry area (enclosed by dashed 
lines in Figure 5) to avoid the possibility of noise due 
to crosstalk. 


¢ The analog VCC supply can be a filtered digital 
VCC supply as shown below. The ferrite beads or 
inductors, FB1 and FB2, should be placed within 
three inches of the chip. 


e The analog VCC plane should be separated from 
the digital VCC and ground planes by at least 1/8 
inch. 


Figure 5. Board Layout 
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S4406 | PIN DESCRIPTIONS 


PIN DESCRIPTIONS 


Input Signals 


REFCLK. Frequency reference supplied by the user 
that, along with the output tied to the FBCLK input, 
determines the frequency of the outputs. Also re- 
places the VCO output when TSTEN is high (after 
first divide-by-two stage in divider phase control 
logic). See TSTEN. 


FBCLK. Feedback clock that, along with the REFCLK 
input, determines the frequency of the outputs. One 
output is selected to feed back to this input. 


TSTEN. Active High. Allows REFCLK to drive the 
divider phase adjust circuitry, after the first divide-by- 
two stage. Also, when brought High, generates an 
internal Reset pulse that initializes the internal 
counter flip-flops to zero. 


xMS2,1,0. Mode selection inputs that allow selection 
of the phase and frequency relationship of each of 
the four banks of three clock outputs. The “x” repre- 
sents the output group number (0-3). Refer to Table 


1 for mode selection options. 


Output Signals 


FILTER. A tap between the analog output of the 
phase detector and the VCO input. Allows a simple 
external filter (a single resistor and one capacitor) to 
be included in the PLL. 


xFOUTO-2. Clock signal outputs. Refer to Table 1 
and Figure 4 for a description of output options. 
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\a 1 INDICATOR 


BODY SIZE PLUS {3.2 MM FOOTPRIN 
LTR | LEADS 


aA 
A STANDOFF 
A 0.25 MIN. 


eB] 
YS 
| Ay | 
| Ag | 
A 
MAX 0.100 
| Db 
| Di 
Cae 
se 
foe 


LEAD 
COPLANARITY 


L +.15/.10 .88 


All dimensions in mm. 


DC CHARACTERISTICS 


Symbol Parameter DC Test Conditions | Min | Typ? | Max | Units| 
Vine Input HIGH Voltage Guaranteed input HIGH voltage for all inputs a ae ee 
Vi2 Input LOW Voltage Guaranteed input LOW voltage for all inputs 
V 
V 
V 
I 
I 


ND 
hb 


N 
oO 


| VK | Input clamp diode voltage Vcc = Min, lin =-18 mA 


IK 
| =-12 mA3 : 
OH Output HIGH Voltage Vcc = Min 
IOH = -24 mA3 : 
OL 
IH 
IL 
Icc 


Output LOW Voltage Voc = Min, lo_ = 24 mAs 


pm Input HIGH Current Vcc = Min, Vin = 2.4V 4MS2,3MS2,1,0 


a Input HIGH Current at Max Vcc = Max, VIN = Voc 


4MS2,3MS82,1,0 
Input LOW Current VCC = Min, VIN = 0.5V Oth 
er 


ICCT Total I¢c (Dynamic and Static) CLOAD = 25 pF at 50 MHz 


1. Typical limits are at 25°C, V.,, = 5.0V. 

2. These input levels provide zero noise immunity and should only be tested in a static, noise-free environment. 
3. lon/lo_ values indicated are for DC test correlation. Actual dynamic currents are significantly higher. 

4. Maximum test duration one second. 
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ABSOLUTE MAXIMUM RATINGS 


TTL Supply Voltage VCC (VEE = 0) 


TTL Input Voltage (VEE = 0) 


Operating Temperature 


Operating Junction Temperature TJ 


RECOMMENDED OPERATING CONDITIONS 


Parameter | Min | 
TTL Supply Voltage (VCC) 
0 


0°C to 70°C ambient 
+ 130°C 
—65°C to +150°C 


Operating Temperature 
(ambient) 


Junction Temperature 


Table 3. AC Specifications 


REFCLK Frequency 


Input Rise/Fall Time 
REFCLK Minimum Pulse Width 
[treo | Phase Error Difference from Partto Pan’ |__0 
Ptskew | __ Output Skew? across all outputs |__0 
ae 
ae Saal 


i 
Cheour | FUT Frequency” [10 | 8 [we 
Ties | Nominal Phase Shit ineranen® [376 [625 [1s 
ce Clock Sab 500s 
Th roa at] as 
Pisa [Loop Acauition Tine [5 

Phase Shift Variation® | 250 =| «+250 «| ops | 


1. Difference in phase error between two parts at the same voltage, temperature and frequency. 
2. Output skew guaranteed for equal loading at each output. 

3. Outputs loaded with 35 pF, measured at 1.5 V. 

4. Croap = 35 pF. 
5 
6 


. All phase shift increments and variation are measured relative to OFOUTO at 1.5 V. 

. Clock period jitter with all FOUT outputs operating at 66MHz loaded with 25 pF using loop filter 
shown. Parameter guaranteed, but not tested. 

. With 35 pF output loading (0.8 V to 2.0 V transition). 

. Depends on loop filter chosen. (Number given is for example filter.) 


ON 


Figure 7. Timing Waveforms 
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PINOUT/ORDERING INFORMATION 


Figure 8. S4406 Pinout 
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Ordering Information 


AMCC clock driver products are available in several output skew and shipping configurations. 
The order number is formed by a combination of: ¢ Device Number 

* Package Type 

¢ Speed Option (if applicable) 

¢ Optional Shipping Configuration 


Optional Shipping Configuration 
Blank = 84-unit matrix tray 

/D = dry pack 

/TD = tape, reel and dry pack 


Speed Option 
— 66 = 66 MHz 


Package Option 
Q = 52-pin Plastic Quad Flat Pack (PQFP) 


Device Number 


Example: S4406Q-66/D 
52-pin PQFP package, 66 MHz, shipped dry packed in the standard matrix tray. 
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PRELIMINARY 
DEVICE SPECIFICATION 


FEATURES 


e Performs X2 and X4 Multiplication on Input 
Clock Frequency 


Eliminates the need for High Speed Crystals 


Simplifies Clock Routing by Reducing 
High-Speed Clock Traces 


e Generates 2 TTL Outputs, 50 and 100 MHz max 
¢ Output Skew +200 ps max 

e 160-400 MHz PLL 

e Space Saving 8-pin SIP or SOIC 

e Reduces System EMI Generation 

e Less than 0.3 W at 80 MHz 

e Proven 1.5 Micron BiCMOS Technology 


APPLICATIONS 


e “Deskewing” ASIC Devices 


e RISC and High Performance Microprocessor 
Systems 


° Clocking synchronous DRAMS and Memory 
Modules 


Figure 1. $4501 Block Diagram 


FILTER TF) ee TF) ee DET 


CHARGE 
REFCLK [—] PUMP DIVIDER 
FBCLK vCO/2 A 
+2 OR +4 
TRI 
DIVSEL STATE DIVIDER 


DECODER B 
45V +2 OR +4 
GND 
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BiCMOS PLL CLOCK MULTIPLIER 


GENERAL 


The $4501 has two clock inputs, REFCLK and 
FBCLK and two outputs AOUT and BOUT providing 
signals at 2X and 4X the REF frequency. The fre- 
quency of AOUT depends on DIVSEL and the 
choice of outputs (frequencies) fed back to the 
FBCLK input. See Figure 1. 


The S4501 Clock Multiplier allows a 1/2 or 1/4 speed 
clock to be routed to the device which in turn pro- 
duces 2X or 4X multiples to meet high speed clock 
requirements. 


The S4501 can also be used as a “zero-delay” buffer 
to provide multiple frequency outputs in sync with 
the reference clock. 


In applications requiring ASIC “deskewing,” using an 
output of the ASIC as FBCLK to the S4501 allows that 
Output (and others related to it) to be synchronized to 
the REFCLK to within +500 ps. The S4501’s PLL will 
then actively align the clock of the ASIC to compen- 
sate for its nominal propagation delay as well as any 
variation due to process or operating conditions. 


Table 1. AC Performance Summary 


Input Frequency 


Output Skew 
Output Freq. 


[Description [Min 
[Output Curent [24 
Von @-i6ma | 38 
Tvaex24ma | 
ee 
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Filter 


The FILTER output is a tap between the analog output 
of the phase detector and the VCO input. This pin 
allows a simple external filter (Figure 2) to be 
included in the PLL. AMCC recommends the use of 
the filter component values shown. This filter was 
chosen for its ability to reduce the output jitter and 
filter out noise on the REFCLK input. The filter com- 
ponents should be in surface mounted packages 
with minimum lead inductance. 


Power Supply Considerations 


Decoupling capacitors are also very important to 
minimize noise. The decoupling capacitors must 
have low lead inductance to be effective, so ceramic 
chip capacitors are recommended. Decoupling ca- 
pacitors should be located as close to the power 
pins as physically possible. And the decoupling 
should be placed on the top surface of the board 
between the part and its connections to the power 
and ground planes. 


Figure 2. External PLL Filter 


FILTER 
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PIN DESCRIPTIONS 


Input Signals 


REFCLK. Frequency reference supplied by the user 
that, along with the output tied to the FBCLK input, 
determines the frequency of the A and B outputs. 


FBCLK. Feedback clock that, along with the REFCLK 
input, determines the frequency of the A and B out- 
puts. One output is selected to feed back to this input. 
(See Table 3, DIVSEL is Tri-State Logic.) 


DIVSEL. Controls the divider circuit that follows the 
VCO. Uses tri-state logic where low < GND + .5V, mid 
= Voc/2, and high > Vcc - .5., (See Table 3, DIVSEL 
is Tri-State Logic.) 


Output Signals 


FILTER. A tap between the analog output of the 
phase detector and the VCO input. Allows a simple 
external filter (a single resistor and one capacitor) to 
be included in the PLL. 


AOUT. TTL output. Frequency depends on VCO 
speed and DIVSEL level. 


BOUT. TTL output. '/> or 1/4 the frequency of AOUT 
depending on DIVSEL level. 


Table 3. DIVSEL is Tri-State Logic 


ee 
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TYPICAL APPLICATIONS 


The $4501 is designed to meet a large variety of 
system clocking requirements. Several typical appli- 
cations are provided below. 


Application 1. High-Frequency, Low-Skew Clock 
Generation 


One of the most basic capabilities of the device is 
generating phase-aligned clocks at various mul- 
tiples of the input clock frequency. For example, in 
a multiple-board system a half-frequency clock can 
be generated for use across the backplane, where 
it is simpler to route a low-speed signal. This sig- 
nal can then be doubled on the boards, and syn- 
chronization will be maintained. 


Clock Outputs at 4x, 
twice, equal to, or 
half the input frequency 


Application 2. Delay Compensation 


Since the relative edges of the REFCLK and 
FBCLK inputs are precisely controlled, the $4501 

can be used to compensate for different delays 

due to trace lengths or to internal chip delays, sim- 
plifying board layout and bus timing. In the ex- 

ample shown, the two ASICs have a difference of 
several nanoseconds in their propagation delays. 

The S4501 ensures that the output signals are 
aligned, so that the data valid uncertainty on the hae 
common bus is minimized. 


Common bus 


Temperature and voltage effects on prop delays 
through the ASICs can also be minimized by the 
$4501’s on-board PLL when in this configuration. 


Clock tree output 
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Absolute Maximum Ratings Commercial 
Operating Junction Temperature TJ 


—65°C to +150°C 


Storage Temperature 


Recommended Operating Conditions 


TTL Supply Voltage (VCC) : tes 
Operating Temperature 


(ambient) 


Junction Temperature 430 | cc 


V 
°C 
Cc 


DC Characteristics 


| Symbol | ____ Parameter |__—_—DC Test Conditions 


Vin2 Input HIGH voltage Guaranteed input HIGH voltage for 
all inputs 

ViL2 Input LOW voltage Guaranteed input LOW voltage for 
all inputs 


Input clamp diode voltage Vcc = Min, lin = -18mMA 


=e AS M 
Output HIGH voltage Voc = Min lOH = -12mA~ (COM) 


1. Typical limits are at 25°C, V,,, = 5.0V. 

2. These input levels should only be tested in a static, noise-free environment. 

3. lop/lo, values indicated are for DC test correlation. Actual dynamic currents are 
significantly higher and are optimized to balance rise and fall times. 

4. Maximum test duration is one second. 
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Table 4. AC Specifications 


Symbol 


PW 


0 
4 

5 
10 


e] 


SJ 
01 
oO 


fo) 


ED 
D 
ize 


AOUT Frequency* MHz 
furouT BOUT Frequency‘ MHz 


ting Input Rise/Fall Time 
torr AOUT, BOUT Rise/Fall Time® 
tock Loop Acquisition Time® 


Clock Stability” 


1. Difference in phase error between two parts at the same voltage, temperature and frequency. 

2. Output skew guaranteed for equal loading at each output. 

3. Outputs loaded with 35pF, measured at 1.5V. 

4. CLoap = 35 pF. 

5. With 35 pF output loading (0.8 V to 2.0 V transition). 

6. Depends on loop filter chosen. (Number given is for example filter.) 

7. Clock period jitter with both outputs operating at 66 and 33 MHz, loaded with 25pF using loop 
filter shown. Parameter guaranteed, but not tested. 


Figure 5. Timing Waveforms 


REFCLK 


AOUT, BOUT 
HFOUT, X2FOUT 
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$4501 
BOARD LAYOUT CONSIDERATIONS | 


¢ The $4501 is sensitive to noise on the +5V and 
Filter pins. Care should be taken during board layout 
for optimum results. 


e All decoupling capacitors (0.1 uF) should be by- 
passed between VCC and GND, and placed as 
close to the chip as possible (preferably using ce- 


___ BiCMOS PLL CLOCK MULTIPLIER 


ramic chip caps) and placed on top of board be- 
tween $4501 and the power and ground plane con- 
nections. 


¢ No dynamic signal lines should pass through or 
beneath the filter circuitry area to avoid the possibil- 
ity of noise due to crosstalk. | 


Figure 5. 8-Pin SOIC Pinout/Package 


Ordering Information 


Contact AMCC 
for Pinout 
Information 


.1914.002 


.2374.003 


|GRADE _—si| PLL CLOCK GENERATOR | PACKAGE _ 


% 


X XXXX 


Grade Part number 
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S-8-pin SOIC 


Va 
X 


Package 
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DEVICE SPECIFICATION 


| BiCMOS CLOCK SYNTHESIZER $4503 


FEATURES 


Multiplies input reference frequency by 
integers 2-32 


Digitally programmable output clock 
frequencies from 10 MHz to 300 MHz 


Two (2) groups of independent clock outputs 


— One group consists of differential PECL 
outputs 


— One group is a pair of TTL outputs 
Proprietary TTL output drivers with: 


— Complementary 24 mA peak outputs, 
source and sink 


— Source series termination 
~— Edge rates less than 1.5 ns 


Low 250 ps reference typ clock jitter 
(PECL outputs), 400 ps max 


1.1 mW or less power dissipation, frequency 
and load dependent 


150 MHz to 300 MHz phase-locked loop VCO 
frequency range 


Advanced BiCMOS process technology 
Space saving 28 PLCC package 


Figure 1. Logic Diagram 


XTALIN 
ed 


XTALOUT 
a 
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GENERAL DESCRIPTION 


The $4503 is a clock synthesizer which utilizes 
phase-locked loop technology to provide two (2) in- 
dependently selectable output frequencies in the 10 
MHz to 300 MHz range. A reference input may be 
provided by either a low cost crystal or a TTL fre- 
quency source. 


The first of the two (2) output frequency groups con- 
sists of a pair of differential PECL (Positive refer- 
enced ECL) outputs which will operate up to 300 
MHz. The second group (TTL) consist of two outputs 
with selectable frequency, up to 80 MHz. 


The final frequency for each group is digitally se- 
lected via three programmable counters. One 
counter is used to set the internal VCO frequency 
between 150 MHz to 300 MHz, and the others are 
used to divide the VCO frequency from 2 thru 16 
(TTL) and 1, 2 or 4 (PECL). 


All phase-locked loop elements are provided on chip 
with the exception of the passive components 
needed for the loop filter function and VCO. 


CCA 
RF-CENTER 


[| PouT 


P COUNTER 
(0, 1, 2, 4) 


| | POUTN 


T1 COUNTER| 


or NN OO 


tt a ore [] TOUTIA 
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Absolute Maximum Ratings 


Storage Temperature ...............cccccee -55°C to +150°C 
Vcc Potential to Ground ...................6 -0.5V to +7.0V 
Input Voltage ..............cccscssssssssetsseeeeerees -0.5V to +Vcc 
Static Discharge Voltage .......... il oectasuastenseies >1750V 
Maximum Junction Temperature ................... +130°C 
Latch-up Current ............ccccccsssseseeeeseeeneeeenees >200 mA 
Operating ambient temperature ............ 0°C to +70°C 


AC Characteristics 
Voc = +5.0V + 5%, Ta = 0°C to +70°C 


Ty PECL Clock Jitter, pk to pk 


Notes: 
1. Max cycle to cycle jitter. 
2. Output symmetry is the deviation from a 50% duty cycle. 


3. All AC parameters are tested or guaranteed by characterization. 


[Fico [veOFeqeney OT CSC~SCSY 
XTLN to XTLOUT 

Standard TTL Levels 

| Pou [PECLOutFrequency Td 


Capacitance (package) 


Input PINS .........c cece alee red deka cetsi rch tha: 5.0 pF 
TEE Output PINS ces veasiccscneteexerstectcascaasaxearacnecians 5.0 pF 


PECL OUIDUE PINS oiscicscsensscecscnetercasceeeevooscantiets 5.0 pF 


MHz 


i+ 
E 
ok 
N 


4. VCO frequency is limited to a maximum of 250 MHz when TTL outputs are used. 
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Electrical Characteristics 
Voc = +5.0V + 5%, Ta = 0°C to +70°C 


eT 


Four C24 
meets 
ae 

= 

od 

aaah 

ig 7TH) |MpaHIGH Curent ————[Vn=Vog 
) 3 

| 

<a 

ae 

Boe 


fons: __[OuputHIGH Shon Curent ___[Ouipa High, Vor. Teal 


1. Maximum test duration one second. 
2. All DC parameters are tested or guaranteed by characterization. 


The S4503 TTL outputs feature source series termination of approximately 40 Ohms to assist in matching 50-75 
ohm P.C. board environments. 


DC Characteristics 


The S4503 has been designed specifically for clock distribution. In the development of this product, AMCC has 
made several modifications to the historic “high drive, totem pole outputs” producing AMCC’s dynamically 
adjusting source series terminated outputs. As a result of this, the S4503 will dynamically source and sink a 
symmetrical 24 mA of current. In a DC state, it exhibits the following specifications: 


ee Cc 
vor | ton=-ema_[ 28 [ 
[Vo | toe4ma [| ony 
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DESCRIPTION OF OPERATION (Refer to 
Logic Diagram) 


The S4503 synthesizer employs a phase locked loop 
(PLL) which includes a “multiplying” counter to produce 
a high frequency internal reference oscillator from a 
low cost, low frequency crystal. This high frequency 
internal reference is the output of a votage controlled 
oscillator or VCO. This single VCO frequency is sub 
divided down to selectable TTL output frequencies. 
One positive (+5V) referenced complementary ECL 
(PECL) output (Pout) pair is also provided. 


The M counter is a frequency “multiplying” feedback 
counter that divides down the VCO frequency, be- 
fore applying it to the phase detector. Thus the VCO 
frequency is the product of the input reference (crys- 
tal) frequency and the M counter modulus. This di- 
vide down counter modulus is externally selected to 
any integer value from 2 to 32 by a five bit binary 
coded value, plus 1, entered into input latches via 
the preset input pins MO through M4. The MO to M4 
inputs have the binary weight of MO=2° through 
M4=24. The MO-4 inputs are low or 0 if not connected. 
NOTE: an entry of all binary zeros will not count down 
and is, therefore, invalid. Designs that will load the M 
counter inputs from an external register that powers- 
up with the outputs in a hi-Z state will need to use 
external resistors to ensure the S4503 M counter 
inputs are never all zeros. | 


The output frequency divide down counters “P & T” 
each have individual select input pins which may be 
actively driven by CMOS/TTL outputs or strapped to 
+Vcc (as a 1) or non-connected as appropriate. Non- 
connected inputs are biased low or 0. When the bi- 
nary coded value of zero is entered into these 
counter preselect inputs, their outputs are disabled, 
thereby saving AC output power. Note that the input 
frequency to the T counter (VCO frequency) is limited 
to 250 MHz. P counter will operate up to 300 Mhz. 
Output symmetry is very close to 50% duty cycle 
with both odd and even division modulus due to an 
odd division correction employed at the counter’s 
output. Refer to the counter preset tables for the 
binary coded preselect input values to division 
modulus. 
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The TTL output drivers of the T counter are source 
series terminated by internal resistors of ~40 Ohms 
to avoid the need for external termination. This se- 
ries termination was choosen to match 50 to 75 Ohm 
transmission line traces into end of line load capaci- 
tance of ~20 pF. Refer also to the AMCC Clock Driver 
Application Note #1. The complementary PECL out- 
put emitter followers can source 25 mA from +Vcc 
and should be externally terminated at the end of the 
transmission line into an equivalent 50 Ohm resis- 
tance to +Vcc - 2V. 


The analog VCO circuitry requires some external 
passive loop filter components mounted very close 
to the required S4503 package pins. A VCO fre- 
quency centering resistor, RFcenter, is connected 
between KVCO and +VCCA, the analog +5V. A fre- 
quency span resistor, Rspan, is connected between 
pins REXT1 and REXT2. A loop filter series resistor- 
capacitor pair, RCOMP & CCOMP is connected be- 
tween pin Comp and analog ground GNDA. Note 
that the analog ground (GNDA) and +5V (+VCCA) 
are to be isolated (decoupled) from the noisier digital 
and output power leads VCC and GND. 


The input to the XTALIN pin will be a series resonant 
crystal of fundamental frequency from 5 to 25 Mhz. 
The external addition of series or shunt capacitance to 
“oull” the frequency is up to the user’s discretion. An 
external series resistor may be required to limit the drive 
current from the XTALOUT pin with low ESR crystals. 


When the XTALIN pin is driven by an external TTL 
clock source, the XTALOUT pin is not connected and 
the peak TTL amplitude should not exceed 3 volts. TTL 
output signals should be in the range of 5-80 MHz. 


System GND 


System VCC 
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BOARD LAYOUT CONSIDERATIONS 


To minimize the impact of board noise on the opera- 
tion of the S4503, the following guidelines should be 
followed. 


¢ The analog VCCA and GNDA need to be iso- 
lated from the digital supplies. This can be ac- 
complished by creating small analog power and 
ground planes next to the S4503 under the filter 
and VCO components. These analog planes 
can be connected to the digital planes through 
wire jumpers, small inductors (5-100 uH), or fer- 
rite beads. If the digital supply noise is too large 
(>100mV), the inductors or ferrite beads will be 
necessary. 


Decoupling capacitors of 0.1 and 0.01 uF are 
needed. Three pairs should be placed as close 
to the S4503 power and ground pins as pos- 
sible. One pair should be used to decouple the 
analog VCC and GND, while the others are for the 
digital supplies. The Vtt supply will also need to 
be decoupled using 0.1 and 0.01 uF capacitors. 
These components should be surface mounted 
chip capacitors, to reduce the parasitic induc- 
tance. 


¢ No dynamic signal lines should pass through or 
_beneath the filter circuitry area, to avoid the 
possibility of noise due to crosstalk. 


The crystal oscillator will need to have a 2 M 
ohm shunt resistor connected between the ter- 
minals of the external crystal, and two 20 pF 
capacitors connected from each pin of the crys- 
tal to VCC (or GND). These components are 
necessary to ensure the oscillator will operate at 
the correct frequency. 


The loop filter and VCO components must be 
surface mounted to reduce the parasitic induc- 
tance, and the components are connected to the 
analog power and ground planes, rather than the 
digital planes. 
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t 20pF 


[_] CRYSTAL 


FILTER AND VCO COMPONENT 
SELECTION 


The $4503 is designed to operate over a wide range 
of VCO frequencies. Because of this, it is necessary 
to modify the values of Rspan and Rfcenter in order 
to get the best performance at a given frequency. 


When operating the S4503 with the VCO in the 150-— 
225 MHz region, the values for the VCO components 
are: 


Rspan = 470 Ohms, Rfcenter = 390 Ohms 


When operation the S4503 with the VCO in to 225— 
300 Mhz, the values for the VCO components are: 


Rspan = 390 Ohms, Rfcenter = 820 Ohms 


The loop filter components, Rcomp and Ccomp, do 
not change values at different frequencies. The cor- 
rect values for these components are: | 


Reomp = 2.7K Ohms, Ccomp = 0.1uF 


All of the resistor values are 5% and 1/8 watt. 
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Power Management 


The overall goal of managing the power dissipated by the S4503 is to limit its junction (die) temperature to 130°C. A 
major component of the power dissipated internally by the S4503 is determined by the load that each TTL output 
drives and the frequency that each output is running. The following table summarizes these dependencies. 


Croan =#09F [_NOTOAD 
iemW 
iemW 
aay 
ay 
raw 
Tay 
ionW 


The above output power must then be added to the core power (700 mW) of the S4503 to determine the total power 
being dissipated by the S4503. This total power is then multiplied by the S4503’s thermal resistance, with the result 
being added to the ambient temperature to determine the junction temperature of the S4503. For greatest reliability 
this junction temperature should not exceed 130°C. The thermal resistance for the S4503 soldered to a multi-layer 
PCB is as follows: 


Still Air 100 Lin Ft/Min 200 Lin Ft/Min 
Thermal Resistance 50°C/Watt 45°C/Watt 40°C/Watt 


Designing the S4503 for “Real Loads” 


The $4503 is designed to provide clean clock transitions when presented with a realistic load. The assumptions 
are that the S4503 will be driving a selected length(s) of 70 Ohm (Zo) P.C. board trace terminated by a small 
number of end of line clustered TTL or CMOS input receiver pins. This end of line capacitive loading can cause 
overall impedance to drop to under 60 Ohms. Therefore, to a first approximation, this clock output driver will 
cleanly drive P.C. line lengths of 6" to 12" with capacitive loads ranging up to 20 pF at frequencies up to 80 MHz. 
Higher capacitive loads (greater than 25 pF) at high frequencies (greater than 50 MHz) may require the like 
output drivers to be strapped in parallel. 


Within this general circuit model, AMCC has developed the Evaluation Circuit presented on the following page. 
This is a mid-point model and can be modified to reflect a specific end use. More details concerning this are 
presented in the Application Note. 
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Evaluation Circuit 


TOUT 
10 10 10 10 10 10 


$4503 POO OO OF Oa OT). 0 


+<—____ ~6 INCHES of 70 OHM P.C.B. —- 


NOTES: All inductance is in nH. Capacitance is in pF 
At frequencies above 50 MHz, a single point destination is recommended 


$4503 M- Counter Division Table 


MODULUS MODULUS 


INVALID 


ae ee 

oe he 
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[ee ee eae) ee FA a ee 
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MODULUS and MO and MO = 29, M1 = 21, M2 =22, M3 = 23, M4 = 24] 
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$4503 Output Counter Division Table 


—_ 


—_ 


hk, 


< 
QO 
ow av —_ ned, —_ _ —_ 


T-1 MODULUS 
DISABLED 


O frequency is limited to a maximum of 250 MHz when 


TTL outputs are used. 


Where T1 (0:3) + 1 = MODULUS and 


TO = 20 
T1= 
T2 = 22 
T3 = 23 
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28 PLCC Package and Pinout 


25|_]| XTALIN 


19|_] REXT1 


All dimensions nominal in inches. 
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Ordering Information 


AMCC clock driver products are available in several output skew and shipping configurations. 
The order number is formed by a combination of: e Device Number 

e Package Type 

¢ Optional Shipping Configuration 


Optional Shipping Configuration 
Blank = 28 unit tube 

/D = dry pack 

/TD = tape, reel and dry pack 


Package Option 
S = 28-pin PLCC 


Device Number 


Example: S4503A/D 
28-pin PLCC package, shipped dry packed in the standard tube. 
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PLL CLOCK GENERATOR APPLICATION NOTE 


INTRODUCTION 


As today’s personal computers (PC) and systems 
push into the 50Mhz realm and beyond, the minimi- 
zation of system clock skew becomes more impor- 
tant. Clock skew eats into the effective clock period 
that is available to perform other tasks. Using ge- 
neric driver chips and careful board layout, current 
systems can achieve about 4ns of system clock 
skew. A 4ns clock skew at 25Mhz is 10% of the 
clock period, while at 66Mhz this same 4ns skew 
eats up 26% of the system clock period. At 50Mhz 
and higher, the allowable clock skew is approxi- 
mately 2ns—3ns. Clearly this requires a new method 
of clock generation and distribution. 


The key to the reduction of clock skew lies in the 
development of PLL clock generators, low skew 
clock drivers, and understanding how to distribute 
and route the clock signals. 


The S4402/S4403 use AMCC’s 1.0 micron BiCMOS 
technology to generate 10—80Mhz multiphase TTL 
clocks with less than +/-200ps of skew. The $4402 
offers 6 output drivers, four at the primary output 
frequency, one at two times the primary frequency, 
and one at half the primary frequency. The S4403 
offers 10 output drivers: four pairs at the primary 


Figure 1. Phase-Locked Loop of S4402/03 


$4402/03 Boundary 


REECLK 


output frequency, one at twice the primary fre- 
quency, and one at half the primary frequency. 


The phase relationships between the outputs are 
programmable. Four different output configurations 
are available to provide synchronous outputs, 
quadrature phase delay outputs, minimum phase de- 
lay outputs, and a mixture of minimum and quadra- 
ture phase delay outputs. 


The times-two output and the half frequency output, 
allow the S4402/03 to multiply and divide the refer- 
ence clock input for distribution to the system clock 
loads. This feature is very useful to eliminate the 
EMI problems of distributing high frequency clocks 
across the entire system. 


PLL CLOCK GENERATOR OVERVIEW 


The basic concepts of phase-locked loops are fairly 
simple. The diagram in Figure 1 shows the funda- 
mental blocks of the S4402/03 PLL. The task of the 
PLL is to minimize the frequency and phase differ- 
ences between the reference clock input (REFCLK) 
and the feedback clock input (FBCLK). In this case, 
the PLL clock generator can be considered a “zero 
delay” clock buffer. 


FILTER 


Charge Voltage 
Pump Controlled 
Oscillator 


160-320 MHz 


Divide 
by 
4/8/16 
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The Phase Frequency Detector (PFD) compares the 
reference and feedback clocks and provides a signal 
to the Charge Pump (CP) that tells the charge pump 
to increase or decrease the voltage into the Voltage 
Controlled Oscillator (VCO). This in turn increases or 
decreases the oscillator frequency, thereby changing 
the frequency or phase of the feedback clock. 


The CP converts the digital signals from the PFD 
into a change in voltage at the external filter pin. This 
change in voltage is supplied to the VCO input. The 
CP can provide very small changes in the VCO con- 
trol voltage that will modify the phase of the VCO 
output, or it can provide larger changes in the control 
voltage to change the VCO frequency. 


The VCO simply responds to the control voltage at 
its input and generates an output clock frequency 
which is proportional to the voltage at its input. This 
high frequency clock signal goes into the internal 
logic of the S4402/03 and is divided by four, eight, or 
sixteen before appearing at the various chip outputs. 


By selecting one of the S4402/03 outputs as the 
feedback clock, the loop is closed, and the internal 
PLL will try to make the rising edge of the output 
connected to the feedback input line up with the ris- 
ing edge of the reference clock input. Due to the 
closed loop nature of this action, delays between the 
reference clock output and the subsequent arrival of 
the feedback clock input can occur without causing 
the chip to lose lock. Therefore, an external buffer 
can be introduced into the loop, and an output from 
the buffer fed back to the feedback input. This pro- 
vides a simple means of increasing the output drive 
capability of the S4402. Another option is to intro- 
duce an external counter into the loop, and connect 
an output from the counter into the feedback input. 
This allows the S4402/03 to accept a lower refer- 
ence clock frequency. 


The two most important specifications for PLL clock 
generators are phase error and output skew. 


Phase error is defined as the delay between the ref- 
erence input and the feedback input when the chip is 
locked. When an output is used to drive the feed- 
back input, the phase error can also be specified as 
a propagation delay. The S4402/03 clock generators 
have a maximum phase error (across all tempera- 
tures, supply voltages, and frequencies) of 1.0ns. On 
a given chip there will be less than 1.0ns of delay 
between the REFCLK input and the FBCLK input. 
Furthermore, at a given frequency, temperature, and 
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supply voltage, the maximum variation in phase error 
across all parts is less than 750ps. Plus, at a given 
frequency, the maximum variation in phase error 
across all parts, is less than 1.25ns, over any tem- 
perature and supply voltage difference. These are 
important specifications in determining total system 
clock skew. 


Output skew is defined as the delay between syn- 
chronous outputs. The S4402/03 clock generators 
have a maximum output skew of +/- 200ps. This 
means that with equal loading, all the rising outputs 
will switch within 400ps of each other. 


CLOCK DISTRIBUTION ON A BOARD 


The first few system clock skew examples are based 
upon the idea that all the clock loads are located 
within a single board. 


The simplest configurations are that of a single 
$4402/03 or of multiple S4402/03s in parallel being 
driven from a single reference source. In Figure 2 
the clock generators C1 and C2 are driven from the 
same crystal oscillator output. The clock skew asso- 
ciated with a single clock generator, such as C1 by 
itself, is simply the output skew specification of 
400ps (+/- 200ps max). 


Figure 2. Clock Distribution on a Board 


$4402/03 


6-20 Outputs 


In the case where the output from the crystal oscilla- 
tor drives no additional chips on the board, except 
the clock generators, the total clock skew across all 
the S4402/03s can be calculated as: 


Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 © (619) 450-9333 


PLL CLOCK GENERATOR APPLICATION NOTE 


Figure 3. Clock Distribution on a Board: $4402 with an SC3506 


$4402/03 


REFCLK 


Totalskew = #£Tpev+ Tskew 

= 750ps + 400ps 

Totalskew = 1.150ns (max.) 

where, 

Tpev = the maximum variation in 
phase error across all parts at a 
given frequency, temperature 
and supply voltage. 

Tskew = the maximum output skew on 


any part. 
In this first example, the total clock skew across C1 
and C2 depends upon the phase error and the out- 
put skew of each chip. Rather than use the total 
range of phase error for all possible frequencies, 


Figure 4. Clock Distribution Between Boards 


$4402/03 


REFCLK 


FBCLK 


Motherboard 


Backplane 
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SC3506 


10 outputs at 66MHz 
and 
10 outputs at 33MHz 


temperatures, and supply voltages, this configuration 
allows the use of the chip to chip variation in phase 
error. This is possible because the clock generators 
will be placed close to the crystal oscillator, and 
therefore experience the same temperature and 
power supply environment. 


The second example, in Figure 3, shows the use of 
an S4402 clock generator to multiply the 33Mhz 
crystal oscillator output up to 66Mhz before applying 
it to the input of the SC3506 clock driver. This is 
accomplished by feeding back one of the 
divide-by-two outputs of the SC3506 to the FBCLK 
input of the S4402/03. This configuration allows the 
use of a slower crystal oscillator to generate 10 out- 
puts at 66Mhz and 10 outputs at 33Mhz. 


SAA0/03 Module or Board 
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Because the output of the SC3506 is fed back to the 
FBCLK input of the $4402, the delay through the 
SC3506 is not important in the calculation of the total 
output clock skew. The total output clock skew is 
determined solely by the output skew specification of 
the SC3506, and is therefore, less than 500ps 
(max.) for the SC3506-1. 


CLOCK DISTRIBUTION BETWEEN 
BOARDS 


Most systems do not consist of a single board con- 
taining all the computing, memory, !/O, and display 
functions. A typical system configuration would likely 
have a central board that ties the system together 
(the motherboard), and a series of additional mod- 
ules or expansion boards, that allow the user to up- 
date and upgrade the system. 


Ideally, the master clock needs to be distributed to 
the synchronous logic on the motherboard, and each 
of the expansion boards, with no skew. 


Figure 4 shows a configuration using an S4402/03 to 
distribute the master clock to the motherboard and 
the expansion boards. On each board or module, the 
master clock copy is received by another S4402/03, 
and distributed to the rest of the board. 


The maximum clock skew between the motherboard 
clocks (outputs of C1) and the module clocks (out- 
puts of C2 and C3) can be calculated as: 


C1-to-C2 skew =  Tskew(C1) 
+ Tpemax(C2) 
+ Tskew(C2) 
= 400ps 

+ 1.0ns 

+ 400ps 


C1-to-C2 skew 1.80ns (max.), 


where, 


Tpemax(C2) the maximum absolute 
| value of phase error for 


C2. 


the maximum output 
skew for each chip. 


Tskew(C1 or C2) 


Page 7-52 


PLL CLOCK GENERATOR APPLICATION NOTE 


The total system skew will be determined by the 
maximum skew across all the modules. This total 
system skew can be calculated, using the results of 
the C1-to-C2 skew calculation, as: 


Total skew =  C1-to-C2skew(max.) 
— C1-to-C3skew(max.) 
1.80ns 


— C1-to-C3skew(max.) 


C1-to-C3skew Tpevfmin(C3) 
+ Tskew(C3) 
[Tpemax(C3) — Tpevf] 
+ Tskew(C3) 
[1.0ns - 1.25ns] 


+ —400ps 


C1-to-C3skew 


—650ps (max.) 


Total skew = 1.80ns — [-650ps] 


Total skew =  2.45ns (max.) 


where, 

Tpevt = the maximum chip to chip 
variation in phase error ata 
given frequency, across all 
temperatures and supply 
voltages. 

Tpevfmin(C3) = the most negative phase 
error of C3 versus C2, 
based upon a Tpevf 
variation between C2 and 
C3. 


In this calculation, the objective is to determine the 
widest variation in output skew between the C2 and 
C3 clock generators. The calculations make use of 
the fact that at a given frequency, but with unequal 
temperatures and supply voltages, the maximum 
variation in phase error between any two parts is 
less than 1.25ns. This specification is used to make 
the maximum skew variation of C3 versus C1 be 
—650ps, when the maximum skew variation of C2 
versus C1 is 1.80ns. With this, the maximum size of 
the output switching window around C1 is equal to 
2.45ns. 
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Figure 5. Clock Dividing and Multiplication for Distribution Between Boards 


FBCLK a 
Z C1 ‘ 


Motherboard 


Backplane 


Figure 5 shows the use of the $4402/03 as a clock 
multiplier and divider in a board to board clock distri- 
bution scheme. In this example, the motherboard 
clock generator, C1, is used to distribute multiple 
copies of the crystal oscillator frequency of 33Mhz. 
These 33Mhz outputs are routed point to point down 
the backplane to each of the expansion boards or 
modules. In this manner, it is possible to route slower 
frequency outputs on the backplane, and reduce the 
crosstalk, signal noise, and EMI problems. 


The $4402/03 chip on each module can be pro- 
grammed to multiply the 33Mhz backplane clock signal 
to its previous 66Mhz value, or it can create a set of 
33Mhz clock outputs. With this technique, each mod- 
ule or board can be selectively operated at the crys- 
tal oscillator frequency, 2X that frequency, or 1/2 the 
oscillator frequency. 


In this application, the total system clock skew is also 
2.45ns. The calculation of system clock skew in this 
example is the same as that for the previous example. 


Figure 6 shows a special application of the S4402/ 
03. In this application, data is to be synchronously 
transferred between boards in the system. The diffi- 
culty arises from the fact that in a system, the data 
delay from one board to the next varies depending 
upon location. This delay uncertainty, and the total 
system clock skew, combine to make the job of pro- 
viding sufficient hold time, at the input register on 
each board, a difficult task. 
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REFCLK 


Module or Board 


5-9 Outputs 
\s 66 MHz 


1 output at 33 MHz 


$4402/03 


} 1 Output at 66 MHz 
4-8 Outputs at 33 MHz 


BCLK 
3 


For this example, assume the system reference 
clock on each board is generated by an $4402/03 
that is located in a central location, typically the 
motherboard. From a previous example (Figure 5), 
this gives a total system clock skew of 2.45ns. 


Based upon this 2.45ns clock skew, a scenario can 
be drawn in which the data that is clocked out from 
one board reaches its neighbor before the neighbor- 
ing card has stored the previous data into the input 
register with sufficient hold time. A solution to this 
problem is to delay the time at which data is clocked 
out of all the boards. 


In this solution, the data is clocked into each input 
register, on a clock edge that is synchronous with the 
system reference clock. A short time later (8—6ns), 
new data is clocked out onto the backplane data 
bus. This will provide sufficient hold time at each 
board, provided that the delay between the two reg- 
ister clocks is at least equal to the system clock 
skew plus the hold time of the input register. 


The example in Figure 6 uses registers with a hold 
specification between 0.5ns and 1.3ns. Based on 
these values, the delay between the register clocks 
on each board must be at least 2.95ns to 3.75ns. In 
the minimum phase mode of operation, the S4402/03 
can be configured to provide 3.75ns delays 
between output clocks at 33Mhz, and is an ideal 
solution for this problem. FOUTO is synchronous to 
the system reference clock, and is used to clock the 
input registers R1 and R3. FOUT1 is delayed from 
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Figure 6. Data Distribution Between Boards 


System Reference 
Clock 


ooo .Module or Board | 


FOUTO by 3.75ns, and is used to clock the output 
registers R2 and R4. If additional delay is necessary, 
FOUT2 could replace FOUT1, and provide 7.5ns of 
delay between FOUTO and FOUT2. 


ASIC DESKEWING 


In systems where there are multiple ASICs sharing a 
common synchronous bus, great care must be taken 
to ensure that data transfers on the bus can happen 
as rapidly as possible. Each ASIC must be simulated 
to ensure that it’s data setup, hold, and clock to data 
output times will work with each of the other chips. 
The designer must assume that each of the ASICs 
could be operating at any point on its performance 
curve; therefore, the propagation delays, setup, and 
hold times are increased to compensate for the vari- 
ability of each of the ASICs. These increased specifi- 
cations for each ASIC reduce the maximum 
attainable performance of the data bus by consum- 
ing a portion of the bus cycle time. 


Figure 7 demonstrates a couple of ways to reduce 
the uncertainty of each ASIC’s performance. In this 
figure, an S4402/03 is used to ensure that the output 
transitions of each ASIC occur synchronously to the 
system clock. If all the output transitions on the data 
bus occur at the same point in time, then the setup 
times for each ASIC can be minimized. With the 
clock to data output delays effectively reduced to 
zero, and the setup and hold times minimized, the 
available bus bandwidth is increased and data traffic 
can flow at a higher rate. 
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ocal Data B 


In the upper half, C1 takes a 25Mhz master clock 
and generates a 50Mhz clock for the ASIC A1. This 
50Mhz clock is buffered through the ASIC’s internal 
clock buffer tree, before clocking a divide by two 
output flip flop. This 25Mhz output clock is fed back 
to the S4402/03 chip and the rising edge of this sig- 
nal is aligned to the rising edge of the 25Mhz master 
clock. 


In the lower half, C2 takes the 25Mhz master clock 
and generates two 25Mhz outputs that are in 
quadrature (90 degrees out of phase with each 
other). These 25Mhz clocks are exclusive OR’ed in- 
side the ASIC to create the 50Mhz internal clock for 


Figure 7. ASIC Deskewing 


CLOCK TREE 


BUFFER 
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the ASIC. This 50Mhz internal clock is again buff- 
ered in the same way as the rest of the ASIC clocks, 
and then divided by two at the output, and aligned 
with the 25Mhz master clock. 


For these two schemes to work correctly, the de- 
signer must do three things. The ASIC internal clock 
buffering must be matched. In other words, the delay 
from the point at which the buffer tree begins to ex- 
pand sideways, to the point at which the clocks 
arrive at the clock input to the output flip flops, must 
be equal. The output flip flop macros and the delay 
from the flip flop output to the external pins, must 
also be equal. And the interconnect length between 
the ASICs and the S4402/03s must be minimized 
and equal. 


GENERAL GUIDELINES FOR CLOCK 
DISTRIBUTION 


For all of the examples described previously, there 
are a number of general design guidelines that need 
to be applied in order to achieve the best Benol 
mance. These guidelines are: 


1. Clock traces need to have equal lengths and 
impedance. 


2. The clock traces must be treated as transmis- 
sion lines, and therefore use controlled imped- 
ance traces. 


3. The clock signal termination strategy must be 
decided early. Series termination will reduce 
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the termination power requirement, but the 
loads must be clustered at the end of the clock 
line (<2" stubs). 


4. Clock signal capacitive loads must be equal. 


5. Do not heavily load the clock output drivers. 
With heavy loads, two outputs can be paral- 
leled to increase the drive capability. 


6. Clocks distributed across backplanes should 
be point to point connections. This will remove 
the transit time skew introduced as the signal 
propagates down the backplane past each 
board. 


7. Be generous with decoupling capacitors. Each 
power and ground pin of the generators and 
drivers should be decoupled with 0.1uF ce- 
ramic chip capacitors. 


SUMMARY 


As shown, with careful design of the clocking 
scheme for a synchronous system, and the correct 
choice of clock generators and drivers, it is possible 
to reduce the system clock skew down to 0.4ns to 
2.45ns. 


The S4402/03 clock generator chips provide the 
user with the option to tackle the clock distribution 
problem in many different ways. The controlled out- 
put skew of less than 400ps, and the ability to gener- 
ate clocks at frequencies up to 80Mhz, make the 
$4402 and S4403 the ideal choice for today’s high 
performance systems. 
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FEATURES 


e Generates outputs from 25 MHz to 100 MHz 

e Four groups of three outputs (12 outputs total) 

e Eight user-selectable output functions for each 
group 

e Proprietary output drivers with: 
— Dual-sloped falling edge 
— On-chip source series termination 
— LVTTL compatible outputs, with <1.5-ns 

edge rates 

e Eliminates ground-bounce and undershoot 
problems encountered with Bipolar and CMOS 
drivers 

e Performs clock doubling, dividing, invert, lead/lag 
placement 

e Internal VCO running between 50 to 100 MHz 

e On-chip loop filter 

e Output skew less than 350 ps 

e 52 PQFP package 

e Operates from 3.3V VCC 


APPLICATIONS 


¢ High-performance microprocessor systems 
¢ Compatible with Intel’s Pentium™ processor 


Figure 1. S4LV406 Block Diagram 
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GENERAL DESCRIPTION 


The S4LV406 BiCMOS clock generator provides 12 
LVTTL outputs with less than 350 ps of skew. 
Implemented in AMCC’s 1.0u BiCMOS technology, 
the internal PLL and divider/delay selector logic allow 
the user to individually tailor the (4) LVTTL output 
groups to the system’s needs. The internal VCO can 
operate between 50 to 100 MHz, and the 
programmability allows the user to generate output 
clocks in the 25—100 MHz range. 


The S4LV406 offers the user the ability to select the 
appropriate phase and frequency relationship for 
each of the four groups of three LVTTL clock outputs. 


In addition to clock doubling and inversion functions, the 
S4LV406 allows any output groups to lead or lag the 
others by the minimum phase delay of 1.25—2.50 ns. 


The S4LV406 uses patented complementary (Source 
and sink) 24 mA peak output drivers. These circuits 
provide “source (series) termination” at the LVTTL 
outputs that minimize over/undershoot without requir- 
ing on-board termination networks. They are de- 
signed for a maximum output slew rate of =1.5V/ns to 
minimize simultaneous output-switching noise, distor- 
tion, and EMI. 


DIVIDE 
BY 2OR1 
DELAY 
GENERATION 
LOGIC 


0 FOUT 0 
MODE 
SELECTION 1 pe orouts 
sable 0 FOUT 2 
| 
\Z 
MODE SS 
SELECTION 2 ies 
a gisaple 
\/ 
MODE S 
SELECTION 3 mee 
r] disable 
\/ 
MODE S 
SELECTION 4 s. 


disable 


1 FOUTO 
1 FOUT 1 
1 FOUT 2 


2 FOUT 0 
2 FOUT 1 
2 FOUT 2 


3 FOUT 0 
3 FOUT 1 
3 FOUT 2 


VVV VVV VVV VV V 
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FUNCTIONAL DESCRIPTION 


The 12 xFOUTO-—2 outputs are the main LVTTL out- 
put clocks that the generator supplies. The mode se- 
lection choices are shown in Table 1 and waveform 
definitions are given in Figure 2. The “x” represents 
the output group number (1-4). The frequency of 
these outputs is determined by the REFCLK clock 
frequency and the output clock that is tied to the 
FBCLK input (xFOUTO-2 can be equal to REFCLK, 
half of REFCLK, or twice the frequency of REFCLK). 


Example: 


In order to meet bus timing specifications for a typical 
system, designers may need three outputs at 66 MHz 
for the system clock and processor, a 33-MHz output 
for the cache controller, and a 33-MHz delayed out- 
put for a memory management unit. This system re- 
quirement can be met using the S4LV406 by setting 
the mode select pins for the first group of outputs 
(OMS2,1,0) to 111, the second group (1MS2,1,0) to 
110, and the third group (2MS2,1,0) to 101. In this 


Table 1. Mode Selection Options 


| xMS2,1,0| MODE DESCRIPTION 


Disabled. 


All three outputs at the 
fundamental output freq- 
uency, but early by a 
minimum phase delay. 


Logical Hi 
All three outputs at half [| 


the fundamental output 
frequency and inverted. 


All three outputs at the 
fundamental! output freq- 
uency and inverted. 


All three outputs at half 
the fundamental output 
frequency, but delayed 
by a minimum phase delay. 


/2 
All three outputs at the +t 
fundamental output freq- 
{/2 
f 


uency, but delayed by a 
minimum phase delay. 


xFOUTO,1,2 
Ail three outputs at half 


the fundamental output 
frequency. 


I 


All three outputs at the 
fundamental output 
frequency. 


Note: If f is fed back, the fundamental frequency is equal to REFCLK. 


If f/2 is fed back, the fundamental frequency is twice REFCLK. 


Page 8-4 


12-OUTPUT BiCMOS PLL CLOCK GENERATOR 


configuration, one of the 33-MHz outputs should be 
fed back to the FBCLK input. This example makes 
use of only three of the four output banks, leaving the 
fourth available for any other clock signals needed. 


Phase Delay 


The minimum phase delay between xFOUTO-2 sig- 
nals is a function of the VCO frequency. The VCO 
frequency is equal to the fundamental output fre- 
quency. The minimum phase delay is equal to the 
period of the VCO frequency divided by 8: t= 1/(VCO 
freq x 8). Since the VCO can operate in the 50-MHz 
to 100-MHz range, the range of minimum phase de- 
lay values is 1.25 ns to 2.50 ns (See Table 2). 


Figure 2. Waveform Definitions 


Test Capabilities 


TESTEN allows the chip to use the REFCLK input 
instead of the VCO output to clock the chip. By-pass- 
ing the VCO and using REFCLK makes the S4LV406 
into a programmable clock buffer, however, the pro- 
grammable mode choices are limited. The VCO is 
needed to create the inversion and minimum phase 
delay modes. So when TESTEN is active, the only 
options are XMS2,1,0 = 000,110, and 111, for each 
bank of outputs. 


Table 2. VCO Operating Frequencies 


vco MIN PHASE 
xFOUTO—2 FREQ DELAY 


| somz | SOMHz | 250ns 
ET 


* The bank containing the output used as feedback must be in 
one of the f/2 modes to ensure the VCO is operating within its 


50-100 MHz range. | 
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Power Supply Considerations 


Power for the analog portion of the S4LV406 chips 
must be isolated from the digital power supplies to 
minimize noise on the analog power supply pins. This 
isolation between the analog and digital power sup- 
plies can be accomplished with a simple external 
power supply filter (Figure 3). The analog power 
planes are connected to the digital power planes 
through single ferrite beads (FB1 and FB2) or induc- 
tors capable of handling 25 mA. The recommended 
value for the inductors is in the range from 5 to 
100uH, and depends upon the frequency spectrum of 
the digital power supply noise. The ferrite beads 
should exhibit 75Q impedance at 10 MHz. 


Decoupling capacitors are also very important to mini- 
mize noise. The decoupling capacitors must have low 
lead inductance to be effective, so ceramic chip capaci- 
tors are recommended. Decoupling capacitors should 
be located as close to the power pins as physically 
possible. And the decoupling should be placed on the 
top surface of the board between the part and its con- 
nections to the power and ground planes. 


Figure 3. External Power Supply Filter 
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Figure 4. Board Layout 


S4LV406 
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BOARD LAYOUT CONSIDERATIONS 


¢ The S4LV406 chips are sensitive to noise on the 
Analog supplies. Care should be taken during board 
layout for optimum results. 


e All decoupling capacitors (C1—-C4 = 0.1 uF) should be 
bypassed between VCC and GND, and placed as close 
to the chip as possible (preferably using ceramic chip 
caps) and placed on top of board between S4LV406 
and the power and ground plane connections. 


¢ The analog VCC supply can be a filtered digital 
VCC supply as shown below. The ferrite beads or 
inductors, FB1 and FB2, should be placed within 
three inches of the chip. The analog decoupling ca- 
pacitors must be placed within 1/8 inch of the analog 
supply pins on the top surface of the board. 


e The analog VCC plane should be separated from the 
digital VCC and ground planes by at least 1/8 inch. 


PIN DESCRIPTIONS 


Input Signals 

REFCLK. Frequency reference supplied by the user 
that, along with the output tied to the FBCLK input, 
determines the frequency of the outputs. Also re- 
places the VCO output when TSTEN is high. See 
TSTEN. 


FBCLK. Feedback clock that, along with the REFCLK 
input, determines the frequency of the outputs. One 
output is selected to feed back to this input. 


TSTEN. Active High. Allows REFCLK to drive the 
divider phase adjust circuitry, after the first divide-by- 
two stage. Also, when brought High, generates an 
internal Reset pulse that initializes the internal 


counter flip-flops to zero. 

xMS2,1,0. Mode selection inputs that allow selection 
of the phase and frequency relationship of each of 
the four banks of three clock outputs. The “x” repre- 
sents the output group number (0-3). Refer to Table 


1 for mode selection options. 


Output Signals 


xFOUTO-2. Clock signal outputs. Refer to Table 1 
and Figure 3 for a description of output options. 
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2.00 +.10 


ViH2 Input HIGH Voltage Guaranteed input HIGH voltage for all inputs 


eo 
Tin2 | toatowvouge | Gumancedinputtowwiapetratioas [| | 09 
NH 
NL 
Icc 


Ton 
Tin | patti Curent —————«d( Voc=Minviv=zaV dd 
Pu | rattow eure ———i[ voc=winvn=oavSS«dYSSC*d?SSC*d; 
Tost | Ouipa sor srautcorent | Voo=WaxVour=o7 —SSC*d ws 
OS a 2 
ae ee 


ICCT Total Icc (Dynamic and Static) CLOAD = 10 pF at 80 MHz 
1. Typical limits are at 25°C, V,, = 3.3V. 


2. These input levels provide zero noise immunity and should only be tested in a static, noise-free environment. 

3. loH/lo. values indicated are for DC test correlation. Actual dynamic currents are significantly higher. 
Includes 100mvV for on-chip series termination. 

4. Maximum test duration one second. 
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12-OUTPUT BICMOS PLL CLOCK GENERATOR S4LV406 


ABSOLUTE MAXIMUM RATINGS 


LVTTL Supply Voltage VCC -0.5V to 4.6V 


LVTTL Input Voltage -0.5V to Vcc + 0.5V 
Operating Temperature 0°C to 70°C ambient 


Operating Junction Temperature TJ + 140°C 


Storage Temperature -55°C to +150°C 


RECOMMENDED OPERATING CONDITIONS 


Parameter 


LVTTL Supply Voltage (VCC) 
Operating Temperature 


Junction Temperature 


Table 3. AC Specifications 
Symbol | __—_——Description | Min 


REFCLK Frequency Ea aeoe 
Input Rise/Fall Time a a 
CPViggr | REFOLK Minimum Pulse Wath [50 
Ciees | Phase Ero biference from Patio Pat? | 0 | 
Os 

po 

De nao 


Output Skew? across all outputs 350 

Output Skew? within any bank | 250 

Ouipul Duy Cycle % 

FOUT Frequency 
Nominal Phase Shift Increment® | 61.25 =| 2.50 | 


|tes | i ene cl 
Cook Sabai? 280 
Tege | FauT ieee Tine? 0s [15 [1 J 
Pisa Leop Aoauision Tane®@ |_| 6 [me] 
Phase Shift Variation® | = -100 =| +100 | ps | 


. Difference in phase error between two parts at the same voltage, temperature and frequency. 

. Output skew guaranteed for equal loading at each output. 

. Outputs loaded with 10 pF, measured at 1.5 V. 

. Croap = 10 pF. 

. All phase shift increments and variation are measured relative to OFOUTO at 1.5 V. 

. Clock period jitter with all FOUT outputs operating at 80MHz loaded with 10 pF. Parameter 
guaranteed, but not tested. 

. With 10 pF output loading (0.8 V to 2.0 V transition). 

. Depends on loop filter chosen. (Number given is for example filter.) 


Oah WH =A 


COON 


Figure 6. Timing Waveforms 


REFCLK 


FBCLK 


{SKEW {SKEW 
XFOUTO—2 


{ SKEWA 


OFOUTO-2 
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12-OUTPUT BiCMOS PLL CLOCK GENERATOR. 
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Figure 7. S4LV406 Pinout 


Contact AMCC 
for Availability and Pinout 
information 


4 
2 
3 
4 
5 
6 
7 
8 


14 1516 1718 19 20 21 22 23 24 25 26 


Ordering Information 


[GRADE | PLLCLOCK GENERATOR | PACKAGE | 
S4LV406 Q-52 POFP | 


X XXXX X 


Grade Part number ' Package 
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® 
— AMC 
DEVICE SPECIFICATION 


RAMBUS™ COMPATIBLE CLOCK GENERATOR $4505S 


FEATURES DESCRIPTION 
e Provides two Rambus compatible clock outputs AMCC’s advanced PLL technology allows the 
from 240 to 270 MHz S4505S to provide two Rambus-compatible, 267 
¢ Uses low cost 14.318 MHz crystal as reference MHz clocks from a low cost 14.318 MHz crystal. 
for 267 MHz output Other reference crystals can be used to produce 


other output frequencies within the 240-270 MHz 
range. An external series resistor allows the output 
to be matched to the Rambus transmission line im- 


¢ Low Jitter, <150 ps 
¢ Output skew <100ps 


° 45/55% duty cycle pedance needed for each application. 

= Pcipatter requires He extemal components AMCC utilizes its high speed, low-jitter PLL technol- 

° Eight-pin, .150° SOIC ogy developed for telecom and precision clocking 

° Operates from a single 3.3V +10% supply applications to provide outputs which meet the low 

a Sohesfasonant input cristal aaulles Ho jitter and symmetrical duty cycle requirements of 
i y q RAMBUS system clocks. 


external components 


APPLICATIONS—RDRAM BASED 


¢ Graphics Accelerators 
* PC Memory 

¢ Set-Top Boxes 

¢ Games 


Figure 1. Block Diagram 


Phase Detector 
Divider Feedback Active Filter 240-270 MHz 


and VCO es 


N 
Divider 


240-270 MHz 
Output B 
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S4505S a ie RAMBUS™ COMPATIBLE CLOCK GENERATOR. 


Absolute Maximum Ratings 

Description 
Input voltage, and pin vs. GND 
Maximum temperature during storage : 


Note: Stresses greater than the absolute maximum ratings may cause permanent damage to the device. Functional operation of the 
device at these or any other conditions above those indicated under the normal operating conditions is not guaranteed. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


DC Specifications (Ta = 0°C — 70°C, Vpp = 3.3 + 0.3V) 


input HIGH voltage 
inputLOW voltage | ——OEPin———Si«d|_=SC*d;«C 
HH oe 


if 


ax 


| | Input HIGH current OE Pin 50 
Input LOW current OE Pin — Internal pull-up 300 
| PD Power Dissipation Dynamic 350 


Output Characteristics 
All specifications are compatible with Rambus requirements. 


[Symbol | Description | Comments | Min | Typ | Max 
Rambus compatible | 25. |_| 50 
Rambus compatible | 245 | | 29 


AC Specifications (Operating Conditions: T, = 0°C — 70°C, Vpp = 3.3V + 0.3V) 
All specifications are compatible with Rambus requirements. 


S 
> 


jiter peak-to-peak | 
From OFF tociooks sable |__| 10 _ 
Sutput A to B skew Equalioads |_| | 100 


1. Output frequency multiplier is 56/3 times the input crystal frequency. 


ms 
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AMCC 


RAMBUS™ COMPATIBLE CLOCK GENERATOR S4505S 


$4505S Pinout — 8-Pin SOIC 


, 
7{__] OUTPUT B 
3 


5|__| OUTPUT A 


Pin Descriptions 


Output enable, Active HIGH, Internal pull-up 


2 Crystal connection, nominally 14.318 MHz for 
267 MHz output 
Crystal connection — Series Resonant 


Output A, B — 240-270 MHz clock outputs, 
5,7 ’ 
open drain — should be terminated 


externally to match Rambus specifications 


| 8 = | Power — 3.3V + 10% 
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Europe/Israel 
Applications & Sales 


Weltenburger Str. 70 
81677 Munich, Germany 
Tel: 011/49-89-92404-136 
Fax: 011/49-8121-3180 


ASIA Pacific & ROW 


Applied Micro Circuits Corp. 
Corporate Headquarters 
6195 Lusk Blvd. 

San Diego, CA 92121 

Tel: 619/450-9333 

Fax: 619/450-9885 


ARIZONA 


Quatra Associates, Inc. 
4645 S. Lakeshore Drive #1 
Tempe, AZ 85282 

Tel: 602/820-7050 

Fax: 602/820-7054 


CALIFORNIA 


Littlefield & Smith Assoc. 
11230 Sorrento Valley Road 
Suite 115 

San Diego, CA 92121 

Tel: 619/455-0055 

Fax: 619/455-1218 


Taarcom 

451 N. Shoreline Blvd. 
Mt. View, CA 94043 
Tel: 415/960-9604 
Fax: 415/960-1999 


Taarcom 

735 Sunrise Avenue #200 
Roseville, CA 95661 

Tel: 916/782-1776 

Fax: 916/782-1786 


DynaRep, Inc. 

3002 Dow Avenue, Suite 226 
Tustin, CA 92680 

Tel: 714/573-1223 

Fax: 714/573-0778 


AMCC SALES OFFICES 


Northeast 


Applied Micro Circuits Corp. 
25 Burlington Mall Road 
Suite 300 

Burlington, MA 01803 

Tel: 617/270-0674 

Fax: 617/221-5853 


South Atlantic 


Applied Micro Circuits Corp. 
Atrium Executive Center 

80 Orville Drive 

Bohemia, NY 11716 

Tel: 516/244-1460 

Fax: 516/244-1464 


NORTH AMERICAN SALES REPRESENTATIVES 


DynaRep, Inc. 

28720 Roadside Drive 
Suite 224 

Agoura Hills, CA 91301 
Tel: 818/735-5410 
Fax: 818/735-5409 


CANADA 


(Vancouver, B.C.) 
Components West 
4020 148th Ave., N.E. 
Suite C 

Redmond, WA 98052 
Tel: 206/885-5880 
Fax: 206/882-0642 


Electronic Sales 
Professionals, Inc. (ESP) 

215 Stafford Road West 

Unit 104 

Nepean, Ontario 

Canada K2H 9C1 

Tel: 613/828-6881 

Fax: 613/828-5725 


Electronic Sales 
Professionals, Inc. (ESP) 

36 Guilford Circle 

Markham, Ontario 

Canada L3R 0S2 

Tel: 905/458-1103 

Fax: 905/415-9531 


Mid-America, Arizona & 
New Mexico 


Applied Micro Circuits Corp. 
840 E. Central Parkway 
Suite 120 

Plano, TX 75074 

Tel: 214/423-7989 

Fax: 214/424-6617 


Northwest 


Applied Micro Circuits Corp. 
950 S. Bascom Avenue 
Suite 1113 

San Jose, CA 95128 

Tel: 408/289-1194 

Fax: 408/289-1527 


Electronic Sales 
Professionals, Inc. (ESP) 

86A Kennedy Road South 

Brampton, Ontario 

Canada L6W 3E7 

Tel: 905/453-6313 

Fax: 905/453-4655 


Electronic Sales 
Professionals, Inc. (ESP) 

10690 Peloquin Street 

Suite 210 

Montreal, Quebec 

Canada H2C 2K3 

Tel: 514/388-6596 

Fax: 514/388-8402 


COLORADO 


Luscombe Engineering Co. 
1500 Kansas Avenue 
Suite 1B 

Longmont, CO 80501 

Tel: 303/772-3342 

Fax: 303/772-8783 


Luscombe Engineering Co. 
6239 Northwoods Glenn Drive 
Parker, CO 80134 

Tel: 303/841-7478 

Fax: 303/841-7328 
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Southwest 


Applied Micro Circuits Corp. 
2522 Chambers Rd. 

Suite 214-E 

Tustin, CA 92680 

Tel: 714/573-4096 

Fax: 714/573-4078 


CONNECTICUT 


Dynamic Technologies 

49 Peter Road 

Southbury, CT 06488 

Tel: 203/262-6220 

Fax: 203/262-6330 or 1527 


DELAWARE 


Delta Technical Sales, Inc. 
122 North York Road 
Suite 9 

Hatboro, PA 19040 

Tel: 215/957-0600 

Fax: 215/957-0920 


FLORIDA 


Photon Sales, Inc. 
1600 Sarno Road 
Suite 21 

Melbourne, FL 32935 
Tel: 407/259-8999 
Fax: 407/259-1323 


Photon Sales, Inc. 

715 Florida Street 

P.O. Box 560776 
Orlando, FL 32806-0776 
Tel: 407/841-7423 

Fax: 407/896-6197 
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SALES INFORMATION 


IDAHO 


Components West 
8323 S.W. Cirrus Drive 
Beaverton, OR 97007 
Tel: 503/520-1900 
Fax: 503/520-1906 


ILLINOIS 


Phase I! Marketing, Inc. 
2220 Hicks Road 

Suite 206 

Rolling Meadows, IL 60008 
Tel: 708/577-9401 

Fax: 708/577-9491 


(Southern Illinois) 
SPS Associates, Ltd. 
1250 N. Winchester 
Suite C 

Olathe, KS 66061 
Tel: 913/764-4460 
Fax: 913/764-6161 


INDIANA 


Century Technical Sales, Inc. 


3520 W. 86th Street 
Suite 261 
Indianapolis, IN 46268 
Tel: 317/876-0101 
Fax: 317/875-5566 


Century Technical Sales, !nc. 


36 Country Forest Drive 
Ft. Wayne, IN 46818 
Tel: 219/489-6058 
Fax: 219/489-8823 


IOWA 


Customer 1st 

2950 Metro Drive 

Suite 110 

Bloomington, MN 55425 
Tel: 612/851-7909 

Fax: 612/851-7907 


KANSAS 


SPS Associates, Ltd. 
1250 N. Winchester 
Suite C 

Olathe, KS 66061 
Tel: 913/764-4460 
Fax: 913/764-6161 


KENTUCKY 


Century Technical Sales, Inc. 


8977 Columbia Road 
Suite G 

Loveland, OH 45140 
Tel: 513/677-5088 
Fax: 513/677-1775 
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MAINE 


Comp Rep Associates 
100 Everett Street 
Westwood, MA 02090 
Tel: 617/329-3454 
Fax: 617/329-6395 


MARYLAND 


DGR, Incorporated 

22 West Padonia Road 
Suite B 317 

Timonium, MD 21093 
Tel: 410/453-0969 
Fax: 410/453-6199 


MASSACHUSETTS 


Comp Rep Associates 
100 Everett Street 
Westwood, MA 02090 
Tel: 617/329-3454 
Fax: 617/329-6395 


MINNESOTA 


Customer ist 

2950 Metro Drive 

Suite 110 

Bloomington, MN 55425 
Tel: 612/851-7909 

Fax: 612/851-7907 


MISSISSIPPI 


Electronic Marketing 
Association, Inc. 


7501 S. Memorial Parkway 


Suite 106 
Huntsville, AL 35802 
Tel: 205/880-8050 
Fax: 205/880-8054 


MISSOURI 


SPS Associates, Ltd. 
3301 Rider Trail South 
Suite 110 

Earth City, MO 63045 
Tel: 314/291-0520 
Fax: 314/291-7138 


MONTANA 


Components West 
4020 148th Ave., N.E. 
Suite C 

Redmond, WA 98052 
Tel: 206/885-5880 
Fax: 206/882-0642 


NEBRASKA 


SPS Associates, Ltd. 
1250 N. Winchester 
Suite C 

Olathe, KS 66061 
Tel: 913/764-4460 
Fax: 913/764-6161 


NEVADA 


Taarcom 

451 N. Shoreline Blvd. 
Mt. View, CA 94043 
Tel: 415/960-9604 
Fax: 415/960-1999 


NEW HAMPSHIRE 


Comp Rep Associates 
100 Everett Street 
Westwood, MA 02090 
Tel: 617/329-3454 
Fax: 617/329-6395 


NEW JERSEY 


(Southern New Jersey) 
Delta Technical Sales, Inc. 
122 North York Road 
Suite 9 

Hatboro, PA 19040 

Tel: 215/957-0600 

Fax: 215/957-0920 


(Northern New Jersey) 

ERA, Inc. 

354 Veterans Memorial Hwy. 
Commack, NY 11725 

Tel: 516/543-0510 

Fax: 516/543-0758 


NEW MEXICO 


Quatra Associates, Inc. 

600 Autumnwood Place S.E. 
Albuquerque, NM 87123-4347 
Tel: 505/296-6781 

Fax: 505/292-2092 


NEW YORK 


Quality Components 
116 Fayette Street 
Manlius, NY 13104 
Tel: 315/682-8885 
Fax: 315/682-2277 


ERA, Inc. 

354 Veterans Memorial Hwy. 
Commack, NY 11725 

Tel: 516/543-0510 

Fax: 516/543-0758 


NORTH DAKOTA 


Customer 1st 

2950 Metro Drive 

Suite 110 

Bloomington, MN 55425 
Tel: 612/851-7909 

Fax: 612/851-7907 


OHIO 


Century Technical Sales, Inc. 
8977 Columbia Road 

Suite G 

Loveland, OH 45140 

Tel: 513/677-5088 

Fax: 513/677-1775 


Century Technical Sales, Inc. 
24610 Detroit Road #170 
Westlake, OH 44145 

Tel: 216/899-0071 

Fax: 216/899-1072 


Century Technical Sales, Inc. 
6610 Busch Bivd. #250 
Columbus, OH 43229 

Tel: 614/433-7500 

Fax: 614/433-9085 


OKLAHOMA 


Logic 1 Sales, Inc. 
200 East Spring Valley 
Suite A 

Richardson, TX 75081 
Tel: 214/234-0765 
Fax: 214/669-3042 


OREGON 


Components West 
8323 S.W. Cirrus Drive 
Beaverton, OR 97007 
Tel: 503/520-1900 
Fax: 503/520-1906 


PENNSYLVANIA 


Century Technical Sales, Inc. 
130 Spang Road 

Baden, PA 15005 

Tel: 412/934-2326 

Fax: 412/934-3031 


(Eastern Pennsylvania) 
Delta Technical Sales, Inc. 
122 North York Road 
Suite 9 

Hatboro, PA 19040 

Tel: 215/957-0600 

Fax: 215/957-0920 


RHODE ISLAND 


Comp Rep Associates 
100 Everett Street 
Westwood, MA 02090 
Tel: 617/329-3454 
Fax: 617/329-6395 
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SOUTH CAROLINA 


Electronic Marketing 
Association, Inc. 
9407 Kings Falls Drive 
Charlotte, NC 28210 
Tel: 704/544-9948 
Fax: 704/544-9941 


SOUTH DAKOTA 


Customer 1st 

2950 Metro Drive 

Suite 110 

Bloomington, MN 55425 
Tel: 612/851-7909 

Fax: 612/851-7907 


TENNESSEE 


(Western Tennessee) 

Electronic Marketing 
Association, Inc. 

5855 Jimmy Carter Blvd. 

Norcross, GA 30071 

Tel: 404/448-1215 

Fax: 404/446-9363 


(Eastern Tennessee) 
Electronic Marketing 
Association, Inc. 
9407 Kings Falls Drive 
Charlotte, NC 28210 
Tel: 704/544-9948 
Fax: 704/544-9941 


TEXAS 


Logic 1 Sales, Inc. 
200 East Spring Valley 
Suite A 

Richardson, TX 75081 
Tel: 214/234-0765 
Fax: 214/669-3042 


Logic 1 Sales, Inc. 
9111 Jollyville Road 
Suite 112 

Austin, TX 78759-7433 
Tel: 512/ 345-2952 
Fax: 512/346-5309 


Logic 1 Sales, Inc. 
4606 FM 1960 West 
Suite 320 

Houston, TX 77069 
Tel: 713/444-7594 
Fax: 713/444-8236 


UTAH 


First Source 

2688 Willow Bend Drive 
Sandy, UT 84093 

Tel: 801/943-6894 
Fax: 801/943-6896 


VERMONT 


Comp Rep Associates 
100 Everett Street 
Westwood, MA 02090 
Tel: 617/329-3454 
Fax: 617/329-6395 


VIRGINIA 


DGR, Incorporated 

22 West Padonia Road 
Suite B 317 

Timonium, MD 21093 
Tel: 410/453-0969 
Fax: 410/453-6199 


WASHINGTON 


Components West 
4020 148th Ave., N.E. 
Suite C 

Redmond, WA 98052 
Tel: 206/885-5880 
Fax: 206/882-0642 


WASHINGTON, D.C. 


DGR, Incorporated 

22 West Padonia Road 
Suite B 317 

Timonium, MD 21093 
Tel: 410/453-0969 
Fax: 410/453-6199 
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WISCONSIN 


Phase I! Marketing, Inc. 
205 Bishop's Way 
Suite 220 

Brookfield, WI 53005 
Tel: 414/771-9986 
Fax: 414/771-9935 


(Western Wisconsin) 
Customer ist 

2950 Metro Drive 

Suite 110 

Bloomington, MN 55425 
Tel: 612/851-7909 

Fax: 612/851-7907 


NORTH AMERICAN DISTRIBUTOR 


Insight Electronics 
1-800-677-6011 ext. 94 
http://www.ikn.com 
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UNITED KINGDOM 


AMEGA Electronics, LTD. 


Loddon Business Centre 
Roentgen Road, 
Daneshill East 
Basingstoke 

Hants RG24 8NG 
United Kingdom 

Tel: 44-1256-843166 
Fax: 44-1256-842956 


ITALY 


ACSIS s.r. 

Via Alberto Mario, 26 
20149 Milano, Italy 
Tel: 39-248022522 
Fax: 39-248012289 


ESCO Italiana SPA 


Viale Fratelli Casiraghi, 355 


Sesto San Giovanni 
20099 Milano, Italy 
Tel: 39-2-2409241 
Fax: 39-2-2409255 


FRANCE 


A2M 

Siege Social 

5 rue Carle Vernet 
92315 Sevres Cedex 
France 

Tel: 33-1-46-237903 
Fax: 33-1-46-237923 


FINLAND 


Yleiselektroniikka Oy 
Luomannotko 6 
FIN-02201 ESPOO 
Finland 

Tel: 358-0-4526-21 
Fax: 358-0-4526-2202 
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INTERNATIONAL SALES OFFICES 


GERMANY 


Tekelec Airtronic GmbH 
Kapuzinerstrasse 9 
80337 Munich 
Germany 

Tel: 49-89-51640 

Fax: 49-89-535129 


Tekelec Airtronic GmbH 
Wandsbeker Zollstr. 19 
22041 Hamburg 
Germany 

Tel: 49-40-686896 
Fax: 49-40-680828 


NORWAY 


Bit Elektronikk A/S 
Smedvingen 4 

P.O. Box 194 
Hvalstad, N.1364 
Norway 

Tel: 47-66-98-13-70 
Fax: 47-66-98-13-71 


SWITZERLAND/ 
AUSTRIA 


Abalec AG 
Grabenstrasse 9 
CH-8952 Schlieren 
Zurich, Switzerland 
Tel: 41-17-300-455 
Fax: 41-17-309-801 


DENMARK 


EXATEC 

Milparken 20E 
DK-2740 Skoviunde 
Denmark 

Tel: 45-44-92-7000 
Fax: 45-44-92-6020 


SWEDEN 


DipCom Electronics 
Torshamnsgatan 35 
Box 1230 

S-16428 KISTA 
Sweden 

Tel: 46-8-7522480 
Fax: 46-8-7513649 


AUSTRALIA 


ICD 

Melbourne 

Unit 2, 14 Melrich Road 
Bayswater, Victoria 3153 
Australia 

Tel: 61-3-761-3455 
Fax: 61-3-761-3415 


NEW ZEALAND 


ICD 

Auckland 

Unit 7, 110 Mays Road 
Penrose, Auckland 
New Zealand 

Tel: 64-9-636-5984 
Fax: 64-9-636-5985 


ISRAEL 


EIM 

2 Hashiloach St. 
P.O. Box 4000 
Petach Tiqva 

israel 49130 

Tel: 972-3-9233257 
Fax: 972-3-9244857 


SPAIN 


Diode Electronica 
C/Orense 34 

28020 Madrid, Spain 
Tel: 34-1-555-36-86 
Fax: 34-1-555-71-59 


HONG KONG 


Twin-Star Trading Co., Ltd. 


Rm. 1015, 10/F 
Hewlett Centre 

Hoi Yuen Road 
Kwun Tong, Kowloon 
Hong Kong 

Tel: 852-2341-4282 
Fax: 852-2763-7717 


JAPAN 


Teksel Co., LTD. 

TBC 

Higashi 2-27-10 
Shibuya-ku, Tokyo 150 
JAPAN 

Tel: 81-3-5467-9000 
Fax: 81-3-5467-9346 


KOREA 


SEBO Telecom Co., Ltd. 
3rd Floor Jae Young Bldg. 
408-14, Seokyo-Dong, 
Mapo-Ku 

Seoul, Korea 

Tel: 82-2-326-0854 

Fax: 82-2-326-0856 


SINGAPORE 


Gates Engineering Pte, LTD. 
1123 Seragoon Road 
#03-01 UMW Building 
Singapore 328207 

Tel: 65-299-9937 

Fax: 65-299-7636 


TAIWAN 


Johnson Trading & 
Engineering Co. 

6F, No. 12, Lane 83, Sec. 1 

Kuang Fu Road 

San Chung City, Taipei Hsien 

Taiwan, R.O.C. 

Tel: 886-2-999-8281 

Fax: 886-2-999-8283 


INDIA 


Interex India 

1372/A, 31st 'B' Cross 
4th 'T' Block, Jayanagar 
Bandgalore — 560 041 
india 


interex India 

2629 Terminal Bivd. 
Mountain View, CA 94049 
Tel: 415/254-0627 

Fax: 415/254-1540 
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If you want more information about AMCC products... 
fill out and mail attached postcard today! 


ANC: Cl: serving all of your high 
performance design needs 

| want to know more about AMCC’s products: 

[J Clocking Products (J Network Products [©] $5933 PCI Controller CJ ASIC 

LJ Other 

[J] Please have an AMCC representative contact me. 

My Application is 

My need is CJ Immediate LJ 3-6months LJ More than 6 months 


Name Title 

Company 

Address 

City State Zip 
Telephone ( ) Ext. 


If you need application information or assistance today, call our toll-free number 
(800) 755-2622 or FAX (619) 450-9885. 


BUSINESS REPLY MAIL 


FIRST CLASS MAIL PERMIT #583 SAN DIEGO, CA USA 


POSTAGE WILL BE PAID BY ADDRESSEE 


AMGCG 


Applied Micro Circuits Corporation 
6195 Lusk Boulevard 
San Diego, CA 92121-9703 


NO POSTAGE 
NECESSARY | 
IF MAILED 


IN THE 
UNITED STATES 


AMCG 


Applied Micro Circuits Corporation 
6195 Lusk Boulevard 

San Diego, CA 92121-2793 

(800) PLL-AMCC 

(800) 755-2622 

FAX (619) 450-9885 


